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PREFACE. 



A LONG preface is not necessary to explain the purport of this 
work. Suffice it to say that it is meant to afford a short but 
comprehensive account of modem practice in obtaining water 
by means of wells, derived from personal experience as well as 
from that of the highest authorities. 

The importance of this means of water supply, instead of 
diminishing, becomes enhanced with every fresh development 
of municipal or industrial life, and commands increased confi- 
dence with the growth of the science upon which it is based. 

In the first edition, attention was drawn to the fact that a 
great deal of the irregularity in the action of wells, and the 
consequent distrust with which they are regarded by many, is 
attributable either to improper situation, or to the hap-hazard 
manner in which the search for underground water is too fre- 
quently conducted. As regards the first cause, extreme caution 
is necessary in the choice of situations, for wells, and a sound 
geological knowledge of the country in which the attempt is to 
be made should precede sinking or boring for this purpose, 
otherwise much useless expense may be incurred without 
success. Indeed the power of indicating those places where 
wells may in all probability be successfully established, is one 
of the chief practical applications of geology to the useful 
purposes of life. 

The subject-matter of the following pages la ^v^Si^fe^ VdJw^ 
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chapters which treat of geological considerations, the Jurassic 
strata, the new red sandstone, well sinking, well boring, tube 
wells, well boring at great depths, and examples of wells exe- 
cuted, and of localities supplied respectively, with tables and 
miscellaneous information. 

As heretofore, I have to acknowledge my indebtedness to 
Professor Prestwich, Messrs. S. Baker and Sou, and T. 
Docwra and Son, and to express my acknowledgments to 
A. Harston, Esq., of London, M. Leon Dru, Paris, with the 
many other correspondents, from all parts of the globe, who 
have sent me local information and sections. For such commu- 
nications I have always a warm welcome, and I hope that the 
issue of the present edition, so long delayed by pressure of 
active professional work, will cause their number to increase 
and multiply. 

ERNEST SPON. 



7, Idol Lane, London, 
December f 1884. 
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SINKING AND BOEING WELLS. 



GEOLOGICAL CONSIDERATIONS. 

NsiELT every civil engineer is familiar with tho fact tlat 
certain porous soils, sach as sand or gravel, absorb water with 
rapidity, and that the ground compoeed of them soon dries 
up after showers. If a well be sunk in snch eoils, we often 
penetrate to conBiderable depths before we meet with water ; 
but this is usually found on oar approaching some lower part 
of the porooB formation where it rests on an impervious bed ; 
for here the water, nnable to make its way downwards in a 
direct line, accumulates as in a reeervuir, and is rendy to ooze 
out into any opening which may be made, tn the same manner as 
we see the salt water filtrate into and fill any hollow which we 
dig in the sands of the shore at Low tide. A spring, then, ia 
the lowest point or lip of an underground reservoir of water in 
the stratification. A well, therefore, sank in such strata will 
most probably, furnish, besides the volume of the spring, an 
additional snpply of water, inasmuch as it may give access to 
the main body of the reservoir. 

The tranemisBion of water through a porous medium being so 
rapid, we may easily understand why springs are thrown out 
on the side of a hill, where the npper set of strata consist 
of chalk, sand, and other permeable substances, whilst those 
lying heneath are composed of clay or other retentive soils. 
The only difBoulty, indeed, ia to explain why the water docs 
not ooze out everywhere along the line of junction of the two 
formations, so as to form one continuous lanOL-BQ&V, vn^Wi^ (I'v 
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a few Bpnnga only, and these oftentimeB far distant from eflch 
o&eT. Tlie principal cause of Buch a concentration of tbe 
waters at a few xwinta is, firet, tbo esietence of ineqnaliticB in 
the upper Hurfnce of the impermeablo stratum, which lead the 
water, as vallejH do on the estenial ani'face of a country, into 
certain low levela and channels ; and secondly, the frequency of 
renta and fissures, which act aa natural drains. That the 
generality of springs owe their supply to the atmosphere is 
eyidant from this, that they vary in the different seasons of the 
year, becoming languid or eutirely ceasing to flow after long 
droughts, and being again replenished after a continuanoe of 
rain. Many of them are probably indebted for the constancy 
and uniformity of their volume to the great extent of the sub- 
terranean reEervoirs with whicb they communicate, and the time 
required for these to empty themselves by percolation. Such 
a gradual and regulated discharge ia exhibited, though in a less 
perfect degree, in all great lakes, for these aie not seusibly 
affected in their levela by a sudden ahower, but are only 
slightly raised, and tbeir channels of efSas, instead of being 
swoUen suddenly like the bed of a torrent, carry off the 
snrplns water gradnally. 

An Artesian well, so called from the province of Artoia, in 
Franco, is a shaft sunk or bored thongh impermeable strata, 
until a water-beariDg stratum is tapped, when the water ia forced 
upwanls by tbe hydrostatic piessnre due to the superior level 
at which the rain-water was received. The term Artesian waa 
originally only applied to wells which overflowed, but nearly 
all deep wells ore now so called, without reference to their 
water-level, if they have bore-Lolea. 

Among the causes of the failure of Artesian wells, we may 
mention those numerous rents and faults which abound in aome 
rocks, and the deep ravines and valleys by which many 
conntriea are traversed ; for when theao natural lines of drain- 
age esist, there remains only a small qnantity of water to 
escape by artificial isauea. We are also liable to be baffled by 
tlio great thickness eitket of porona or impervious strata, or by 
the dip of the beds, which may carry off the waters Ixom 
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adjoining Iiigh lands to some trough in an opposite direction — 
I when the borings are mado nt the foot of an eBCorpment 
where the strata inclino inwards, «r in a diroctiou opposite to 
the face of the cUSb. 

Aa instances of the w&j in which the character of the strata 
may influence the water-bearing capacitj of any given locality, 
we give the following examples, taken &om Latham. Fig. 1 




illnBtratea the causes which Bometimes conduce to a limited 
supply of water in Artesian weLla. Eain descending on the 
outcrop E F of the porous stratum A, which lies between the 
impervious strata B B, will make its appearance in the form of 
a spring at S ; but such spring vrill not yield any great 




quantity of water, as the area B F, which receives the rainfiill, 
is limited in its extent A well stink at W, in a stratum of the 
above description, would not be likely to fnmish a large supply 
of water, if any. The effect of a fault is shown in 'E\%. 1. k 
spring will in all prohability make its ajipoatEtQce u.t 'Oaa -jjovs*. 
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8, and give large qaantities of wator, as the whole body 
water flowing through the porous strata A is intercepted by 
being thrown against the impermeable stratum B. Fenneable 
rock intereected by a dyke and overlying an impermeable 
Etmtum ia seen in Fig. 3. The water flowing through A, if 





intersected by a dyke D, will appear at S in the form of a 
spring, and if the area of A is of largo extent, then the spring 
S will be very cwpioua. Aa to tlie depth nccosaary to bore 
certain wells in a caeo similar to 
Fig. 4, owing to the fault, a well 
sunk at A would require to be 
Bunk deeper than the well B, 
although both wells derive their 
supply from the same description 
"** of strata. If there ia any inolina- 

*■ *■ tion in the water-bearing strata, 

or if there is a current of water only in one direction, then one 
of the wells would prove a failure owing to the proximity of 
tho fault, while the other would furnish an abundant supply of 
water. 

It shonld be borne in mind that there are two primary geo- 
logical conditions npon which tho quantity of water that may 
be supplied to the water-bearing strata depends ; they are, tho 
extent of superficial area they present, by which the quantity of 




rain-wiiter reoeived on thoir surface in any given time is 
detormined ; and the charoctor and thickness of the strata, as 
by this the proportion of water that can be absorbed, and the 
quantity which the whole volume of the permeable strata con 
transmit, is regulated. The operation of these general principles 
will constontlj vary in accordance with local pfaoaomena, all of 
which stnst, in each separate case, be token into consideration. 

The more distance of hills or mountains need not disconrago 
us from making trials ; for the waters which fall on these higher 
lands readily penetrate to great depths through highly-inclined 
or vertical strata, of through tlie fissures of shattered rocks ; 
and after Sowing for a great distance, must often reascend and 
be broDght np again by other lissures, so aa to approach the 
surface in the lower country. Here they may be concealed 
beneath a covering of tmdisturbed horizontal beds, which it 
may be necessary to pierce in order to reach thom. The course 
of water flowing imderground is not strictly analogous to that 
of rivers on the surface, there being, la the one case, a constant 
descent from a higher to a lower level from the source of the 
stream to the sea ; whereas, in the other, the water may at one 
time sink far below the level of the ooean, and afterwards rise 
again high above it. 

For the purposes under consideratiun, we may range the 
various strata of which the outer crust of the earth is composed 
tinder foar heads, namely : 1, drift; 2, alluvion; 3, the tertiary 
and secondary beds, composed of loose, arenaceous and perme- 
able strata, impervious, argillaceous and marly strata, and thick 
strata of compact rock, more or loss broken np by fissures, as 
the Norwich red and coralline crag, the Molofise sandstones, 
the Bagshot sands, the London clay, and the Woolwich beds, in 
the tertiary division; and the chalk, chalk marl, gault, the 
greonsands, the Wealden clay, and the Hastings sand, the 
oolites, the lias, tho Khietio beds, and Keuper, and the new 
rod sandstone, in tho secondary division; and 4, the primary 
beds, as the magneeian limestone, the lower red sand, and 
the coal measures, which consist mainly of alternating beds of 
sandstones and shales with coal. 



Tbe £rst of these divisions, the drift, conBisting mainly of 
sand and grayel, having been formed by the action of fiowing 
water, is very irregular in thicknesB, and exists frequently in 
detached masaeB. This irregularity is due to inequalities 
of the surface at the period when the drift was brought down. 
Hollows then existing would oftea be filled np, while either 
none was deposited on level surfaces, or, if deposited, waB sub- 
sequently removed by denudation. Hence we cannot infer 
when boring through deposits of this character that the same, 
or nearly the same, thickness will be found at even a few yards' 
distance. In valleys this deposit may exist to a great depth, 
the slopes of hills are frequently covered with drift, which has 
either been arrested by the elevated surface or biougbt down 
from the upper portions of that surface by the action of rain. 
In the former case the deposits will probably consist of gravel, 
and in the latter of the same elements as the hill itself. 

The permeability of such beds will, of course, depend 
wholly upon the nature of the deposit. Some rocks produce 
deposits through which water percolates readily, while others 
allow a passage only through such fissures as may exist. Band 
and gravel constitute an extremely absorbent medium, while 
an argillaceous deposit may be wholly impervious. In moun- 
tainous districts, springs may often be found in the drift ; their 
existence in such formations will, however, depend upon the 
position and character of the rock strata ; thus, if the drift cover 
an elevated and extensive dope of a nature similar to that 
of the rocks hy which it is formed, springs due to infiltration 
through this covering will certainly exist near the foot of the 
slope. Upon the opposite slope, the small spaces which exist 
between the different beds of rock receive these infiltrations 
directly, and serve to completely drain the deposit which, in the 
former case, is, on the contrary, saturated with water. If, how- 
ever, the foliations or the joints of the rocks afford no issue ta 
the water, whether such a circumstance be due to the character 
of their formation, or to the stopping up of the issues by the 
drift itself, these results will not be produced. 

It will be obvious how, in this way, by passing under a u 
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of drift, the water descending from the top of liill alopee re- 
appears at their foot in tho furm of Bpringe. If now we snp- 
posG theae isaneB stopped, or covered by ao impervious etratiuu 
of great thickneaa, and this stratum pierced by a boring, the 
water will ascend through this new outlet to a level above tbat 
of its original issne, in virtue of the head of water measured 
from the points at which the infiltration takes place to tho 
point in which it is struck by the boring. 

Alluvion, like drift, consists of &agmonts of various strata 
carried away and deposited by flowing water ; it differs from the 
latter only in being more extensive and regular, and, generally, 
in being composed of elements brought from a great distance 
and having no analogy with the strata with which it ia in 
contact. TTEually it consists of sand, gravel, rolled pebbles, 
marls or days. The older deposits often occupy very elevoted 
districts, which they overlie throaghout a large extent of 
surface. At the period when tho large rivers were formed, the 
vslleya were filled up with alluvial deposits, which at tho 
present day are covered by vegetable soil, and a rich growth of 
plants, through which the water percolates more slowly than 
formerly. The permeability of these deposits allows the water 
to flow away subterraneottsly to a great distance from the points 
at which it enters. Springs are common in the alluvion, and 
more freqaently than in the case of drift, they can be found by 
boring. As the surface, which is covered by the deposit, is 
extensive, tlie water circolates from a distance through ])erme- 
able strata often overlaid by others that are impervious. If nt 
a considerable distance from the points of infiltration, and at a 
lower level, a boring be put down, the water will ascend in the 
bore-hole in virtue of its tendency to place itself in equilibrium. 
Where the country is open and sparsely inhabited, the water 
from shallow wells sunk in alluvion is generally found to be 
good enough, and in suificieot quantity for domestic pui'poses. 

The strata of the tertiary and secondary beds, especially the 
latter, are for more extensive than the preceding, and yield mnch 
larger quantities of water. The chalk is the great water-bearing 
stratum for the larger portion of the south of EngVa-ivl. TlVft 
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water in it can be obtained either by means of ordinary Bhafte, 
or by Artesian wells bored sometimes to great depths, from 
which the water will freqnently rise to the surface. It should 
be obaerred that water does not circulate through the chalk by 
general permeation of the mass, but through fissures. A rule 
given by some for the level at which water may be found in this 
stratum is, " Take the level of the highest source of supply, and 
that of the lowest to be fonnd. The mean level will he the depth 
at which water will be found at any intermediate point, after 
allowing an inclination of ot least 10 feet a mile." This mle 
will also apply to the grecnsand. This formation contains large 
quantities of water, which is more evenly distributed than in 
the chalk. The gault clay is interposed between the upper and 
the lower greensand, the lattor of which also furnishes good 
supplies. In boring into the apx>er greensand, caution should 
be observed so as not to pierce the gault clay, because water 
which permeates through that system becomes either ferrnginous, 
or contaminated by salts and other impurities. 

The nest strata in which water is fonnd are the upper and 
inferior oolites, between which are the Kimmeridge and Oxford 
clays, which are separated by tbe coral rag. There are instances 
in which the Oxford clay is met with immediately below the 
Kimmeridge, rendering any attempt at boring useless, because 
the water in the Oxford clay is generally so impure as to be unfit 
for use. And with regard to finding water in the oolitic limo- 
Btone, it is impossible to determine with any amount of precision 
the depth at which it may be reached, owing to the numerous 
faults which occur in the formation. It will therefore be neces- 
sary to employ the greatest cars before proceeding with any 
borings. Lower down in the order are the upper lias, the marl- 
stone, the lower lias, and the new red sandstone. In tho marl- 
stone, between the upper and lower bods of the line, there may 
ho found a large supply of water, but the level of this is as a 
rule too low to rise to the surface through a boring. It will be 
necessary to sink shafts in the ordinary way to reach it. In 
the new red sandstone, also, to find the water, borings must be 
mode to a considerable depth, but when this formation exists 
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a copious Hupply can be confidently anticipatod, and when 
found tbs water is of cxcellout quality. 

Every permeable stratum may yield water, and ita ability to 
do this, and the quantity it can yield, depend upon its position 
and extent. When underlaid by an impervious stratum, it 
constitntes a reservoix of water from which a supply may be 
drawn by means of a sinking or aboro-hole. If the permeable 
stratum be also overlaid by an impervious stratum, the wnt«r 
will be under pressure and will ascend the bore-hole to a height 
that will depend on the height of the points of infiltration 
above the bottom of the bore-hole. The quantity to be obtained 
in gucb a case as we have already pointed out, will depend upon 
the extent of surface possessed bj the outcrop of the permeable 
stratum. In searching for water under such conditions a careful 
examination of the geological features of the district must be 
made. Frequently an extended •new of the surface of the dis- 
trict, such as may be obtained from an eminence, and a con- 
sideration of the particular oonllguration of that surface, will 
be sufficient to enable the practical eye to discover the various 
routes which are followed by the subterranean water, and to 
predicate with some degree of ■certainty that at a given point 
water will be found in abundance, or that no water at all oiists 
at that point. To do this, it is suf&cient to note the dip and 
the Burfeces of the strata which are exposed to the rains. When 
these strata are nearly horizontal, water can penetrate them 
only through their fissures or pores; when, on the contrary, 
they lie at right angles, they absorb the larger portion of the 
water that falls upon their outcrop. When such strata are 
intercepted by valleys, numerous springs will exist. But if, 
instead of being intercepted, the strata rise aronnd a common 
point, they form a kind of irregular basin, in the centre of 
which the water will accumulate. In this case the surface 
springs will be loss numerous than when the strata are broken. 
Bnt it is possible to obtain water under pressure in the lower 
portions of the basin, if the point at whioh the trial is mode is 
situate below the outcrop. 

The primary rocks afford generally but little watftT, '^La^'va-^ 
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been subjected to violent conTnlsioDH, they are thrown into 
every possible position and broken by nnmetons fissnrcs ; and 
as no permeable Etratnm is interposed, as in the more recent 
formations, no reservoir of water esiBta, In the nnstratified 
rocks, the water circnlates in aU directions through the fissures 
that traverse them, and thus occupies no filed level. It is also 
impossible to discover by a surface examination where the 
fissnres may be strack by a boring. For purposes of water 
supply, tberofore, these rocks are of little importance. It mnat 
be romarhed here, however, tbat large quantities of water are 
frequently met with in the magnesian limestone and the lower 
red sand, which form the upper portion of the primary series. 

Joseph Prestwich.jnn., in his 'Geological Inquiry respecting 
the Water-bearing Strata round London,' gives the following 
valuable epitome of the geological conditions affecting the value 
of water-bearing deposits ; and although the illustrations are 
confined to the Tertiary deposits, the same mode of inquiry 
will apply with but little modification to any other formation. 

The main points are — 

The extent of the snperficial area occnpied by the water- 
bearing deposit. 

The lithological character and thickness of the water-bearing 
deposit, and the extent of its underground range. 

The position of the outcrop of the deposit, whether in valleys 
or hills, and whether its outcrop is denuded, or covered with 
any description of drift. 

The general elevation of the country occupied by this outcrop 
above the levels of the district in which it is proposed to sink 

The quantity of rain whicL falls in the district under con- 
flideration, and whether, in addition, it receives any portion of 
the drainage from adjoining tracts, when the strata are imper- 
meable. 

The disturbances which may affect the water-bearing strata, 
and break their continnous character, as by this the subter- 
ranean flow of water would bo impeded or prevented. 
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Extent of Superficial Akka. 



To proceed to the tipplicatioa of the qoestionB in the pBrticolar 
instance of the lower tertiary Btratn. With regard to tlio first 
question, it is evident that a aeriea of permeable strata, enoflsed 
between two impermeable formations, can receive a supply of 
water at those points only, where they crop out and are exposed 
on the Burface of the laud. The primary conditions affecting 
the result depend upon the fall of rain in the dietrict where the 
outcrop takes place ; the quantity of rain-water which any 
permeable strata can gather being in the same ratio as their 
respective areas. If the mean annual fall in any district 
amoonta to 24 inches, then each square mile will receive n 
daily average of 950,947 gallons of rain-water. It is therefore 
a matter of essential importance to ascertain, with as much 
accuracy as possible, the extent of exposed surface of any water- 
bearing deposit, so as to determine the maximiun quantity of 
rain-water it is capable of roceiviug. 

The surface formed by the outcropping of any deposit in a 
country of hill and valley is necessarily eitremoly limited, and 
it would be difficult to measure in the ordinary way. Prestwich 
therefore used another method, whicli seems to give results suf- 
ficiently accurate for the purpose. It is a plan borrowed from 
geographers, that of cutting out firom a. map, on paper of uniform 
thickness, and on a large scale, say one inch to the mile, aed 
weighing the superficial area of each deposit. Knowing the 
weight of a square of 100 miles cnt out of the same paper, it is 
easy to estimate roughly the area in square miles of any other 
surface, whatever may be its figure. 

MiNEaAL Chabactee off the Fobmatioh, 

The second question relates to the mineral character of the 
formation, and the effect it will have upon the quantity of water 
which it may hold or transmit. 

If the strata consist of sand, wateT <ffill ti&Ba Vomw^ *ih^<^'w. 
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with fiicllity, and they will also hold a considerable quantity 
between the interatitea of their component graina ; whereas a 
bed of pure clay will not allow of the passage of water. These 
are the two extremes of the case ; the intermixture of theu 
materials in the same bed will of course, according to the re- 
lative pioportiona, modify the transmission of water. Fiestwioh 
found by experiment that a silicioua sand of ordinary character 
will hold on an average rather more than one-third of its hnlk 
of water, or from two to two and a half gallons in one cubic 
foot. In strata so composed the water may be termed &ee,aa it 
passes easily in all directions, and nuder the pressure of a 
column of water is comparatively but little impeded by capillary 
attraction. These are the conditions of a true permeable 
stratum. Where the strata are more 
compact and solid, as in sandstone, lime- 
stone, and oolite, although all such rocks 
imbibe more or less water, yet the water 
so absorbed does not pass freely through 
, the mass, hut is hold in the pores of the 
roi^ by capillary attraction, and parted 
with Tery slowly ; so that in such de- 
posits water can be freely transmitted 
only in the planes of bedding and in 
If the water-bearing deposit 
niform lithologieal character 
over a large area, then the proposition 
is reduced to its simplest form; but 
when, as in the deposit between the 
London clay and chalk, the strata con- 
sist of variable mineral ingredients, it 
becomes essential to estimate the extent 
of theee variations; for very different 
conclusions might be drawn from an 
inspection of the Lower Tertiary strata 
at different localities, 
exposed in the clifis between Heme Bay 
1 England, a considerable mass of fossili- 
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from beneath the Londoa clay. 
Fig. 6 repreBents a view of a. portion of this cliff a mile 
and a half east of Home Bay and continued downwards, by 
estimation, below the gurfaco of tlie ground to the chalk. In this 
section there is evidently a very large proportion of sand, and 
coneeqnontly a large capacity for water. Again, at UpDor, near 
Bochester, the Banda marked 3 are as much 
OB 60 to 60 feet thick and continue so ' 
to Gravesend, Fnrfloet and Eritli In 
the first of these places they may be seen 
capping Windmill Hill in the second, 
forming the hill, now removed on which i 
the lighthouse is built and m the third : 
in the largo ballast pits on tha bania of ■ 
the river Thames. The average thiLkness i 
of these sands in this district may be about 
60 to 60 feet. In their range from east to , 
west, the beds 2 become mjro clayey and 
less permeable, and 1, very thin As we 
approoch London the tliickness of 3 also 
diminishes. In the ballast pits at the west end of Woolwich, 
this sand bed is not more than 35 feet thick, and as -it passes 
under London becomes still thinoer. 

Fig. 6 ia a general or average section of t! 
London stands. The increase ia the pro- 
portion of the argUlaceous strata, and the 
decrease of the beds of sand in the Lower 
Tertiary strata, is here very apparent, and 
from this point westward to Hungerford, 
days decidedly predominate; while at the 
eame time the series presents such rapid 
variations, even on the same level and at B^^^ ^^g ip ^ 
ehort distancea, that no two sections are ^S^^di:£_L 
alike. On the southern boundary of the ^'s- '• 

Tertiary district, ftflm Croydon to Leatherhead, the sands 3 
maintain a thickness of 20 to 40 feet, whilst the associated 
of clay are of inferior importance, ^6 "wi-W \fii^<i waa'Ca^i 
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section, Fig. 7, representing the uaunl foaturea of the deposit in 
the northern part of the Tertiary district. It is from a cnttiog 
at a brickfield west of the small villftge of Hodgerley, 6 miles 
northward of Windsor. 

Here we see a large development of the mottled clays, and 
bnt little sand. A someivliat similar section is exhibited at 
Oak End, near Chalfont St. Giles. Bnt to 
show how rapidly this series changes its 
character, the section of a pit only a third 
of a mile westward of the one at Hedgerley 
is given in Fig, 8. 

In this latter section the mottled clays 
have nearly disappeared, and are replaced 
by beds of sand with thin seams of mottled 
days. At Twyford, near Reading, and at 
Old Basing, near Basingstoke, the mottled clays again occnpy, 
as at Hedgerley, nearly the whole space between the London 
clays and the chalk. Near Eeading a good section of these 
beds was exhibited in the Sonning cutting of the Great Western 
Bailway ; they consisted chiefly of mottled clays. At the Eats- 
grovo pits, Heading, the beds are more sandy. Referring bock 
to Fig. 6, it may be noticed that there is generally a sm&ll 
quantity of water found in the bed marked 1, in parts of the 
neighbourhood of London. Owing, however, to the constant 
presence of green and ferruginoua sands, traces of vegetable 
matters and remains of fossil fihells, the water is nsually indif- 
ferent and chalybeate. The well-diggers term tliia a slow 
Epring. They graphically eipress the diiforenoe by saying that 
the water creeps up from this sti'atum, whereas that it bursts 
up from the lower sands 3, which form the great water-bearing 
stratum. In tho irregular eond beds intorstratificd with the 
mottled clays between these two strata water is also found, but 
not is any large quantity. 

Fig. 9 is a soctiou at the western extremity of the Tertiary 
district at Pebble Hill, near Hungerford. Here again the 
mottled clays are in considerable force, sands forming the 
smaller part of tho series. 



GEOLOGICAL CO^NSIDERATIONS, 15 

The following Usta exhibit the aggregate thioknesB of all the 
bede of saod occnrrmg between the Loudon clay iind the chalk, 
at various localities in the Tartiary district. 
It will appear from them that the mean re- 
sults of the whole is very different from any 
of those obtained in separate divisions of 
the country. The mean thickness of the 
deposit throughout the whole Tertiary a 
may be taken at 62 feet, of which 36 feet 
coDBist of Bands and 2lj feet of clays ; but p, ^ 

aB only a portion of this district contributea 
to the water supply of London, it will facilitate our inquiry if 
we divide it into two parts, tbo one westward of and including 
London, and the othor eastward of it, introducing also some 
further subdivisions into each. 




MEAHUaEUENT 
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The mean of the three colunme in two western sections gives 
a tbicknesH to this formation of 67 feet, of which only 19 feet 
are eond and permeable to water, and the remaining 3S feet 
consist of impermeable clays, affording no supply of water. 

The area, both at the siiriace and underground, over which 
they eitend is about 1086 square miles. 

The average total thickness of the eastern district deduced 
from the nine sections we have taken gives 68 feet, of which 
53 feet are sands and 15 feet clays. The la-Ygei: a.xe^., \%^ 
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square miles, over nlitch the eoBtorn portion of tlie Ttirtiary 
series extends, and tlie greater volume of the water-bearing 
beds, constitute important differences in favour of this district ; 
and if there had been no geological disturbances to interfere 
with the continuous chnracter of the Etntta, wo might have 
looked to this quarter fur a large supply of water to the 
Artesian wells of London. 

From these tables it will be readilj perceived that the strata 
of which the water-bearing depoeits are composed ore very 
variable in their relative thicknes-s. They cunsist, in fact, of 
alternating beds of clay and sand, in proportious constantly 
changing. In one place, as at Hedgfcrley, the aggregate beds 
of sand may be 5 feet thick, and the clays 15 feet ; whilst at 
another, as at Leatherhead, the eaads may be 35, and the clays 
20 feet thick, and some such variation is observable in every 
locality. But although we may thus in some measure juilge of 
the capacity of these beds for water, this method faila to show 
whether the communication fromocB part of the area to another 
is free, or impeded by causes connected with mineral character. 
Now as we know that these beds not only vary in their thick- 
ness, but that they also frequently thin out, and sometimes pass 
one into another, it may happen that a very large development 
of clay at any one place may altogether stop tho transit of the 
water in that locality, Thns in Fig. 10 the beds of sand at y 
allow of the free passage of water, but at x, 
where clays occupy the whole thickness, it 
cannot pass ; tho obstruction which this 
cause may offer to the underground flow of 
water can only be determined by oiperionco. 
It must not, however, be supposed thot such 
a variation ia the strata is permasent or 
general along any given line. It is always 
local, some of the beds of clay commonly 
thinning out after a certain horizontal range, so that, although 
the water may be impeded or retarded in a direct course, it most 
probably can, in part or altogether, pass round by some point 
where the strata Lave not undergone the same alteration. 




CONSIDERATIOSS. 



PosmON AND QbHEBAL OoNDlTIONa op THE OuTOEOP. 

Thia iuToIves Bome coneiderations to which an eiact Talna 
cannot at preBout be given, yet which require notioe, as they to 
a great extent dotermino the proportion of water which oaa pass 
from the surface into tlio maau of the water-bearing etrata. In 
the first place, when the outcrop of these strata occars in a 
Talley, aa represented in Fig. 11, it ia evident that b may not 



only retain all the water which might fall on ita aurface, bnt 
also would receive a proportion of that draining off from the 
strata of a and c. This form of the surfuce generally prevEttla 
wherever the water-bearing strata are aoftei and loss coherent 
than the atrata above and below them. 

It may be obaerved in the Lower Tertiary aeriee at Sntton, 
Carshalton, and Croydon, where a email and abollow valley, 
excavated in theae aanda and mottled claya, ranges parallel with 
the chalk hilla. 

It is apparent again between Epsom and Loathorhoad, and 
also in some places between Guildford and Famhara, as well as 
between Odiham and Eingsclete. The Southampton railway 
crosses thia email valley on an embankment at Old Basing. 

Thia may be considered as the prevailing, but not exclusive, 
form of structure from Croydon to near Hangorford. The 
advantage, however, to be gained &om it in point of water- 
supply ia much limited by the rather high angle at which the 
strata are inclined, as well aa by their small development, 
which greatly reatrict the breadth of the surface occupied by 
the outcrop. It rarely eiceeila a quarter of a mile, and is 
generally very muoh loss, often not more than 100 to 200 feet. 
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The next modification of outcrop, represented in Fig. 12, ia one 
not ancommon on the eonth aide of the Tertiary district. The 
strata b hero crop out on the elope of the chalk hille, and the 
rain falling upon them, nnleas rapidly ahsorbed, tends to drain 




at once from their enrface into the adjacent Talloje. Y, L, 
showB the line of valley level. 

This arrangement is not unfreqnent between Kingeclere and 
Inkpen, and tJeo between Guildford and Leatherhead. East- 
ward of London it is exhibited ou a larger Bcale at the base of 
the chalk hiUs in places between Chatham and Faversham, a 
line along which the sauda of the IJowcr Tertiary strata, h, are 

■re fully developed than elsewhere. As, however, the sarface 
of b is there usually more coincident with the level, Y, L, 
of the district, it is in a better position for retaining more of 
the rainfall. 

A. third position of outcrop, much more unfavourable for the 
water-bearing strata, prevails generally along tlte greater part 
of the northern boundary of the Tertiary strata. Instead of 
forming a valley, or outcropping at the base of the chalk hille, 
almost the whole length of this outcrop lies on the slope of the 
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the Bmnmit, thus reatricting the outcrop of 6 to a very narrow 
zone and a eloping surface. This form of etructure is exhibited 
in the hilla round Sonning, Beading, Hedgerley, Eiokmanswortb, 
and Watford ; thence by Shenley Hill, Hfltfield, Hertford, Sud- 
bury ; and also at Hadleigh this position of outcrop is continued. 
If, aa on the Bouthem side of tbe Tertiary district, the outcrop 
were continued in a nearly unbroken line, then these unfavour- 
able conditions would prevail uninterruptedly ; but the bills are 
in broken groups, and intersected at short distances by trans- 
verso valleys, as that of the Sennet at Beading, of the Loddon 
at Twyford, of the Colne at Usbridge, and so on. Between 
Watford and Hatfield there is a constant succession of small 
valleys running back for short distances from the Lower district 
of the chalk, through the hills of the Tertiary district. The 
Yalley of the Lea at Roydon and Hoddesdon is a similar 
and stronger case in point. The effect of these transverse 
valleys is to open out a larger surface of the strata b than 
would otherwise be eiposed, for if the horizontal line, V, L, 
Fig. 13, were carried back beyond the point x, to meet the pro- 
longation of b, then these Lower Tertiary strata would not only 
be intersected by the line of valley level, but would form a 
much smaller angle with the plain Y, L, and therefore spread 
over a larger area than wbere they crop out on the side of the 
bills. 

Tbe foregoing are the three most general forms of outcrop, 
but occasionally the outcrop takes place wholly or partly on 
the summit of a hill, as, near the Reculvers in the neighbont- 
hood of Canterbury, of Sittinghoume, and at the Addingtoa 
Hilla, near Croydon, in which cases the area of the Lower 
Tertiary is expanded. When the dip is very slight, and tbe 
beds nearly horizontal, the Lower Tertiary sands occasionally 
spread over a still larger extent of surface, as between Stoke 
Pogis, Bumham Conunou, and Bcaconsfield, and in the cose of 
the flat-topped hill, forming Blackheath and Bexley Heath, aa 
in Fig. 14. Favourable aa euch districts might at first appear 
to be from the extent of their exposed surface, nevertheless 
they rarely contribute to the water supply of tbe wells sunk 



into the Lower Tertiary sands under London, the continuity 
of the strata being broken by iatereeoting valleys ; thus the 
district last mentioned is bounded an the north by the Yalle; of 



the Thames, on the west by that of BaTonsbotuno, and on the 
east by the Valley of the Cray ; coneeqaently the rain-water, 
which has been abEorbed by the very permeable strata on the 
intermediate^ higher ground, passes out on the eides of the hills, 
into the surface channels in the valleys, or into the chalk. 
Almost all the wells at Besley Heath, for their supply of water, 
have, in fact, to be sunk into the «halk through the overlying 
100 to 133 feet of sand and pebble beds, 6. 

Thos far we have considered this question, as if, in each 
instance, the outcropping edges of the water-bearing strata, b, 
were laid bare, and presented no impediment to the absorption 
of the rain-water falling immediately upon their surface, or 
passing on to it &om some more impermeable deposits. But 
there is another consideration which influences materially the 
extent of the water supply. 

If the strata b were always bare, we should have to consider 
their outcrop as an absorbent surface, of power vatying accord- 
ing to the lithological character and dip of the strata only. 
But the outcropping edges of the strata do not commonly present 
bare and denuded surfaces. Thus a large extent of the country 
round London is more or loss covered ■ by bods of drift, which 
protect the ontcropping beds of b, and turn off a portion of the 
water falling upon them. 

The drift differs considerably in its power of interference 
with the passage of the rain-water into the strata beneath. 
The ochreons sandy flint gravel, forming so generally the 
Bubsoil of London, admits of the passage of water. All the 
shallow surface springs, from 10 to 20 feet deep, (oo ■^xoiMaeft. 
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by water which has fellen on, and passed through, this gravel, 
q. Fig 15, dnwn to the top of the London clay, a, on the 
_^i„ _ -—•-T, iireguJar surface of which it ia held up. 

' tj. When the London clay is wanting, 

this gravel lies immediately upon the 
Lower Tertiary strata, as in the valley 
between Windsor and Maidenhead, and 
in that of the Kennet between Newbury 
fte'is'"""""' and Thatcham, transmitting to the un- 
derlying strata part of the surface water. 
Where beds of brick earth occur in the drift, as between West 
Drayton and Uxbridge, the paesage of the surface water into the 
underlying strata is intercepted. 

Sometimes the drift is composed of gravel mixed very irre- 
gularly with brokeu-up London elay, and although commonly 
not more than 3 to 8 feet thick, it is generally impermeable. 

Over a considerable portion of Suffolk and part of Essex, a 
drift, composed of coarse and uaually light-coloured sand with 
fine gravel, occurs. Water percolates through it with extreme 
facility, but it is generally covered by a thick mass of stiff 
tenacious bluish-grey clay, perfectly impervious. This clay 
ilrift, or boulder elay, cape, to a depth of from 10 to 50 feet 
or more, almost all the hills in the northern division of Essex, 
and a large portion of Sufialk and Norfolk. It so conceals 
the underlying strata that it is difficult to trace the course of 
the outcrop of the Lower Tertiary sauda between Ware and 
Ipswich; and often, as in Eig. 16, notwithstanding the breadth. 



apart &om this cause of the outcrop of the Tertiary sanda, b, 
and of tho drift of sand and gravel, 2, they are both go covered 
by the booldcr clay, 1, that the small surface exposed can he of 
comparatively little value. 

There are also, in some valleys, river deposits of silt, mud. 
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and grayeL These are, hoirever, of little importance to the 
subject before us. Under ordinary conditionB they are gene- 
rally snffieiently impervions to prevent the water from passing 
throDgh the beds beneath. 



Hbioht or Watkb-bbabino Strata i 

CODNTB-Y. 
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The height of the districts, wherein the water-bearing strata 
crop out, above that uf the sui'faco of the country in which the 
wells are placed, ehonld be made tlie sabject of careful con- 
sideration, as upon this point depends the level to nhiuh the 
water in Artesiaii wolls may ascend. 

Again, taking the London district as an example, Prcstwich 
remarks that, as the country rises on both sides of the Thames 
to the edge of the chalk escarpments, and as the outcrop of the 
Lower Tertiary strata is lat«rmediate between these escarp- 
ments and the Thames, it follows that the outcrop of these 
lower bods must, in all cases, be on a higher level than the 
Thames itself, where it flows through the centre of the Tertiary 
disiriot. Its altitude is, of course, very variable, as shown in 
the following list of its approximate height above Trinity hig 
water-murk at London, These heigfata are taken where thol 
Tertiaries are at their lowest level in the several localitiei 
mentioned. 



of LunducL 



CRi;r(''"i about IBO feet. 

Leslherhead „ HO „ 
Goililfonl „ mi „ 

Uld Basing „ 250 „ 

Near Iluugeiford „ 3(10 „ 



Eastward of London these strata crop out at a gradually 
deoieaeing level. In consequence, therefore, of the outcrop of 
the watei-bearing strata being thus much above tlie surface o 
the central Tertiary district bordering the Thames, \iti& ^t'oXa 
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in these etratft beneath London tended originullf to rise above 
that Burface, 

As, however, these beds crop out on ft level with the Thames 
immediately eoat of the city between Deptford, Elaokwall, and 
Bow, the water, having this natural issue so sear, could QQTer 
have risen in London much above the level of the river. 



BauIFALL in the DjSTBIOT WHEBH THS WATSB-BSABINa 

St BAT A CROP orr. 

When inqniring into the probable relative value of any water- 
bearing strata, it is necessary to compare the rainfall in their 
respective districts, 

Eoin is of all meteorological phenomena the most capricious, 
both as regards its frequency and the amount which falls in a 
given time. lu some places it rarely or never falls, whilst in 
others it rains almost every day ; and there dues not yet exist 
any theory from which a probable estimate of the rainfall in a 
given district can be deduced, independently of direct observa- 
tion. Bat although dealing with one of the most capricions of 
the elements, we nevertheless find a workable average in the 
quantity of rain to be eipected in any particular place, if 
careful and continued observations are made with the rain- 
gauge. G. J. Symons, the meteorologist, to whose continued 
investigations wo are indebted for our must reliable data upon 
the subject of rainfall, gives the following practical instructions 
for using a rain-gauge : — 

" The month of the gauge must beset quite level, and so fixed 
that it will remain eo ; it should never be leas than G inches 
above the ground, nor more than 1 foot except when a greater 
elevation is absolutely necessary to obtain a proper exposnre. 

" It must be set on a level piece of ground, at a distance from 
shrubs, trees, walls, and buildings, at the very least as many 
feet from their base as they are in height. 

If a thoroughly clear site cannot be obtained, shelter is most 
endurable from K.W., N., and E., less eo from S., 8.E., aui W., 
iind not at all Irom S.W. or N.E. 
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" Special prohibition must issue as to keeping nil tall- 
flowora away from the gauges. 

" In order to prevent rust, it will be deairablo to give 
jftpBanod gftnges a coat of jiaint every two or three yeBra. 

" The gauge should, if possible, be emptied dally at 9 aji^ 
and the amonnt entered against tliu prerions day. 

"When making an observation, care should be taken to hold 
the glass upright. 

" It can hardly be necOBsary to gice here a treatiso on decimal 
arithmetic ; suffice it therefore to say that raio-gange glasses 
usually hold half an inch of rain (0 ■ 50) and that each -^ (0-01) 
is marked ; if the fall is less than half an inch, the number of 
liundredths is read off at once ; if it is over half an inch, 
glass must be filled up to the half iuch (0 ' 60), and the romaii 
(say0-22)measared afterwards, the total(0-50+0-22) = ( 
being entered. K lees than yV (O'lO) has fallen, the cipher 
mast always be prefixed ; thna if the measure is full up to the 
seventh line, it must be entered ae 0'07, that is, no inches, 
tenths, and seven hundredtha. For the aake of clearneas it has 
been found necessary to lay down t,a invariable rule that there 
shall always be two figurea to the right of the decimal point. 
If there be only one figure, as in the case of one-tenth of aa 
inch, usually written ■ 1, a cipher must bo added, 
0-10. Neglect of this rule causes much inconvoniei 

" In snow three methods may bo adopted^it ia well to try 
them all. 1. Melt what ia caught in the founel, and measure 
that as rain, 2. Select a place where the snow has not drifted, 
invert the funnel, and turning it round, lift and molt what ia 
encloaed. 3. Measure with a rule the average depth of snow, 
and take one-twelfth as the equivalent of water. Some observers 
use in snowy weather a cylinder of the same diameter as the 
rain-gauge, and of considerable depth. If the wind ia at all 
rough, all the enow is blown out of aflat-funnelled rain-gauge." 

A drainage area is almost always a district of country en- 
closed by a ridge or watershed line, continuous except at the 
place where the waters of the basin find an outlet. It may he, 
and generally is, divided by branch ridge-lines into 
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of Bmaller baeinB, eacli drained by itB own stream into the d 
stream. In order to measure the area of a catchment basin i 
plan of the country is required, which either b 
linos or gives data for finding their positioi 
detached levels, or of contour lines. 

When a catchment basin is very estonsive it is 
measure the smaller baeins of which it cofisists, i 
of rainfall in them may be different ; and, i 
the same reason, to divide those basins into portions at difFereD 
distances from the mountain chains, where rain-clonds i 
chiefly formed. 

The exceptional cases, in which the boundary of a drainag 
area is not a ridge-line on the snrface of the country, are tl 
in which the rain-water sinks into a porous stratum until iC 
descont is stopped by an impervions stratum, and in which, a 
Bcqnently, one bonndary at least of the drainage area depend 
on tho figure of the impervious stratum, beiug, in fact, a ridg; 
line on the upper 8urfa.ce of that stratum, instead of on tl) 
ground, and very often marking the upper edge of the ontcm 
of that stratum. If the porous stratum is partly covered by- 
second impervious stratum, the nearest ridge-line on the lattj 
stratum to the point where the porous stratum crops out will t 
another boundary of the drainage area. In order to determia 
a drainage area under tliese circumstances it is necessary 1 
hare a geological map and sections of the district. 

The depth of rainfall in a given time varies to a great e 
at different seasons, in different years, and ia different plaoq 
The extreme limits of annnal depth of rainfall in different pail 
of the world may be hold to be respectively nothing and 18 
inches. The average annnal depth of rainfall in different pul 
of Britain ranges from 22 inches to HO inches, and the lea 
annnal depth recorded in Britain is about 16 inches. 

The rainfall in different parts of a given country is, j 
general, greatest in those districts which lie towards the Quait 
from which tho prevailing winds blow ; in Great Britain, fi 
instance, the western districts have the most rain. UpoD 
_ffy0a moontain ridge, however, the revarae is ttie < 
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greatest rainfall taking place on tbat siJe which lies to leewi 
aa regards the prevailing winds. To the same ninse may 
ascribed the fact that the rainfaU is greater in raountaisons 
than in flat districts, and greater at points near high monntain 
Hiumnjts than at points farther from thorn ; and the difference 
due to elevation is often greater bj far than that dne to 100 
miles geographical distance. 

The most important data respecting the depth of rainfall inn 
» given district, for practical purposes, are, the least anu 
rainfall ; mean animal rainfall ; greatest annual rainfall ; ' 
tribntion of the J'ainfall at different seasons, and especiftlly, 
longest continuous di'ought ; greatest flood rainfall, or c 
tinnous fi|.ll of rain in a short period. 

The ayailable rainfall of a district is that port of the total 
rainfall which remains to be stored in reservoirs, or carried 
away by streams, after deducting the loss through evaporation, 
throDgh permanent absorption by plants and by the grow 
ajid other causes. 

The proportion borne by the available to the total rainfaU 
varies very much, being afffcted by the rapidity of the rainfall 
and the compactness or porosity of the soil, tlie steepness or 
flatness of the ground, the nature and quality of the vegetation, 
upon it, the temperature and moisture of the air, which 
affect the rato of evaporation, the existence of artificial drai 
and other circumstances. The following are examph 



I Steep anrfocos uf grnDito, gm^iBa, mill sliite, iK'orly 1 

I Sloraland and liilly pnstiire frnm 'B to '<> 

J Flat oullivated oauntrj' .. Irom 'S tu 'G 

I Chalk 

ffip-seated springs and wells give from '3 to ■4of the total 
rainfalL Btephenson found that for the chalk di^trict round 
Watford the evaporation, was about 34 per cent., the quantity 
carried off by streams 23 '2 per cent., leaving 42 '8 per cent., 
which sank below the surface to form springs. In formntiona 
[ lesH Bbaorbent than the chalk it can be calculated ruu^U.\.'^,A^«,'(, 



] 
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streams carry off one-tbird, that another third, evaporates, and 
that the remaining third of the total rainfall sinks into the 
earth. 

Such data as the above may be used in approximately esti- 
mating the probable available rainfall in a district ; bnt a much 
more accurate and satisfekctory method is to measure the actnal 
discharge of the streams, and the quantity lost by evaporation, 
at the same time that the rain-gauge observations are made, 
and so to find the actual proportion of available to total 
rainfall. 

The following Table gives the mean annual rainfall in 
various parts of the world : — 



Table of Bainfall. Collected by G. J. Symons. 



. 


Period 




• 
Mean 


Goantry and Station. 


of Oheerva- 


Latitude. 


Annual 




tiODS. 




FaU. 


EUROPE. 










years. 


O f 


ins. 


AusTBiA — Cracow 


5 


50 4N 


331 


Prague 


47 


50 5 


151 


Yienna 


10 


48 12 


19-6 


Belgium — Brussels 


20 


50 51 


28-6 


Ghent 


13 


51 4 


30-6 


Louvain 


12 


50 33 


28-6 


Denmark— Copenhagen 


12 


55 41 


22-3 


France — Bayonne 


10 


43 29 


56-2 


Bordeaux 


32 


44 50 


32-4 


Brest 


30 


48 23 


38-8 


Dijon .. 


20 


47 14 


311 


Lyons 


• • 


45 46 


37*0 


Marseilles 


60 


43 17 


190 


Montpelier 


51 


43 36 


30-3 


Nice 


20 


43 43 


55-2 


Paris 


44 


48 50 


22-9 


Pan 


12 


43 19 


37-1 


Kouen 


10 


49 27 


33-7 


Toulon 


• • 


43 4 


19-7 


Toulouse 


52 


43 36 


24*9 


Great Britain — 








England, London 


40 


51 31 


24*0 


„ Manchester 


40 


53 29 


360 


„ Exeter 


40 


50 44 


330 


„ Lincoln 


40 


53 15 


"20-0 
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Wales. CanlLff 

„ Llaudadlio 

Scotland, Edinbargh 

„ Glasgow 

., Aberdeen 

IruhiDd, Cork 

„ Dublin 

Gulway 

HoLLiNB — Botteriiam 

luELANS — Beikiavik 

loMAS IsLBg — Cotfn 

Italt — FlorenoB 

Naplca '.'. *.'. '.'. '.'. '.'. '.'. 

Borne 

Turin 

NoBWAT — Bergen 

Obristinnia 

PoBTCQAi.^ — Coiiubni(inyBlBofM(nulego) 

Ijebon 

Pbcbbia — Berlin 

Cologne 

Hanover 

Potadam 

Bl'sgia — St. Peterebnrg 

Archnngel 

Afitraklian 

Finland, Uleaborg 

filciLY — Palermo 

Spain— Madrid 

BwaiiEN — Stockholm 

SwlTMRLAVD — Geneva 

Great St. Beinanl 

LaauaDQe 

ASIA. 
Cjnsi — Canton 

Fekin 

Cej Ion, Colombo 



40 


SI 28 N 




63 19 


40 


55 57 


4(1 


55 sa 


4U 


57 8 


40 


51 54 


40 


63 23 


40 


53 15 




51 55 



3S 42 

52 HO 
50 55 
52 24 
52 24 
5!) SS 
S4 32 
46 24 



30 
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Table op Bainfall — continwd. 



Country and Station. 



Period 

of Obeerva- 

tions. 



ASIA — continued. 

Ceylon, Adam's Peak 

Bombay 

Calcutta 

Cherrapongee 

Darjeeling .. 

Madras 

Mahabuleshwur 

Malabar, Tellioherry 

Palamcotta 

Patna 

Poonah 

Malay — PuloPenang 

Singapore 

Pebsia — ^Leneoran 

Ouroomiah 

BussLA — Bamaoul 

Nertchinsk 

Okhotsk ' 

Tiflis 

Tobolsk 

Turkey — Palestine, Jerusalem . . 
Smyrna 

AFBICA. 

Abyssinla — Gk>ndar 

Algeria. — Algiers 

Constantina 

Mostaganem 

Oran 

Ascension ^ .. 

Cape Colony — Cape Town 

Guinea — Christiansborg 

Madeira 

Mauritius— Port Louis 

Natal— Maritzburgh 

St. Helena 

Sierra Leone 

Teneblefe 

NOBTH AMEBICA. 

British Columbia — New Westminbter 
Canada — Montreal, St. Martin's . . 
Toronto 



years. 

• • 

33 

20 



22 
15 



{ 



3 

1 

15 

12 

2 

6 

2 

14 

3 



10 

• • 
1 
2 
2 

20 



3 

■ • 

2 



3 

2 

16 



Latitude. 



6 50N 
18 56 
22 35 
25 16 
27 3 
13 4 

17 56 
11 44 

8 30 
25 40 

18 30 
5 25 
1 17 

38 44 

37 28 
53 20 
51 18 
59 13 
41 42 
58 12 
31 47 
31 47 

38 26 



12 36 
36 47 
36 24 
35 50 
35 50 

8 8S 
33 52 

5 30N 
33 30 
20 3S 
29 36 
15 55 N 

8 30 
28 28 



49 12 
45 31 
43 39 



Mean' 

Annual 

FalL 



ins. 
100-0 

84-7 

66-9 
610-3? 
127-3 

44-6 
2540 
1160 

211 

36-7 

23-4 
100-5 
190-0 

42-8 

21-5 

11-8 

17-5 

35 

19' 



2 
3 

230 

65-0? 

16-3 

27-6 



37 

37 

30 

22 

22 

11 

24 

19 

3Q-9 

35-2 

27 

18 

86 

22 



3 

8 

1 
5 
3 
2 



•6 
■8 

3 



541 
47-3 
31-4 
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Table of Eainfall — continued. 



Country and Station. 



Period 

of Obeerra- 

tions. 



NORTH AMERICA— continued, 

HoNDUBAS — ^Belize 

Mexico — ^Vera Cniz 

BussiAN^ Ambkioa — Sitka 

Ukited States — Arkansas, Fort Smith .. 

California, San Francisco 

Nebraska, Fort Kearney 

New Mexico, Socurro 

New York, West Point 

Ohio, Cincinnati 

Pennsylvania, Philadelphia 

South Carolina, Charlestown .. 

Texas, Matamoras 

West Indies — ^Antigua 

Barbadoes 

,. St. Philip 

Cuba, Havannah 

Matanzas 

Grenada 

Guadaloup, Basseterre 

„ Matonba .. 

Jamaica, Caraib 

„ Kingstown 

St. Domingo, Cape Haitien 

Tivoli 

Trinidad 

Virgin Ldes, St. Thomas' 

Tortola .. 



n 



SOUTH AMERICA. 



Bbazil — Bio Janeiro.. 

S. Luis de Maranhao .. 
Guyana— Cayenne .. 

Demerara, George Town 

Parimaribo 

New Gbanada — La Baja . . 

Harmato 

iSan Fe' de Bogota 
Venezuela — Cumana 

Curagoa 



AUSTRALIA. 

New South Wales, Bathurst 
Deniliquin 



years. 
1 



7 

15 

9 

6 

2 

12 

20 

19 

15 

6 



10 

20 

2 

1 



6 
5 

• • 

6 

15 

6 



3 
2 



Latitude. 



17 29 N 
19 12 
57 3 
35 23 
37 48 

40 38 
34 10 

41 23 
39 6 
39 57 
32 46 
25 54 
17 3 
13 12 
13 13 

9 



23 
23 
12 
16 
16 
18 



2 
8 
5 
5 
3 



17 58 
19 43 
19 
10 40 

18 17 
18 27 



22 54 S 
3 

56 

50 


22 

29 

36 
10-27 
1215N 



4 
6 
6 
7 
5 
4 



33 24 S 



Mean 

Annual 

Fall. 



ins. 
153 



66- 

89- 

42' 

23 

28-8 
7-9 

46- 

46- 

43 

48" 

35' 

39' 

75" 

56- 

50' 

55' 
126' 
126 
285-8 

97-0 

83-0 
127-9 
106-7 

62-9 

60-6 

65-1 



1 
9 
1 
4 



5 
9 
6 
3 
•2 
5 

1 
2 
3 

9 



58" 
276' 
138 

87 
229' 

54' 

90" 

43-8 
7-5 

26-6 



■7 

3 
9 
2 
1 




\ 



22-7 
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Table ur RMHTAU^—anitmacd. 


c.„,„„.,„.. 


ofOlBetvt 


Utltdde. 


m™ 


AUSTKALIA— ooniiBvcrf. 
New South Wales— Newcastle .. .. 
Port Maoquarie 

New ^ALA^ii— AucW'and" '.'. .. .. 

CliriHtuliureh 

Kalaon 

Tnninaki 

Wellington 

SocTH AnsTBALi A— Adelaide 

Tabmahia— Hobart Town 

VlcTOHM— Melbourna 

Purt Phillip 

West A csTaALU— Albany 

Yurk 

POLYNESIA. 

SociETT Islands— Tahiti Pnpieto .. .. 


12 

2 
3 

2 
2 

e 

11 

5 


32 57 8 
31 29 

33 52 
3l> SO 
43 45 
41 18 
30 3 

41 17 
3i 55 

42 .1* 
37 4a 
SS 30 
3iS 
SI S5 

17 32 


6S-3 

7'l-8 
46'2 

31-a 

31-7 

38-4 
52-7 
37-8 
19-2 
20-3 
30' 9 

an- a 

32-1 

i5-i 

45-7 


DiSTUEBANOEB OF TBE StEATA. 

The last question to bo conaidereil relates to the disturbances 
which may have affected tlie strata ; for wliotever may be the 
absorbent power of the strata., the yield of water will be more 
or less diminished whenever the channels of commanication 

If the strata remained continuous and nnbroken, we shonld 1 

1 transmission of water will be proportionate to the extent of the 
F disturbanco. 

Although the Tertiary formations aroimd London havo, pro- 
bably, auifered less from tho action of disturbing forces than the 
L strata of any other district of the same extent in England, yet 

ft their original position. 
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The principal change has been that which, by elevation of 
the aides or depreBsion of the centre of the diMtrict, gave the 
Tertiary deposits their present trough-shaped form, aasmning it 
not to be the result of original deposition. If no further change 
had taken place we might have expected to find an unintcrnipted 
communication in the Lower Tertiary strata &om their northern 
outcrop at Hertford to their southern outcrop at Croydon, oa 
well as £-om Newbury on the west to the sea on the east ; and 
the entire length of 260 miles of outcrop would have contributed 
to the general supply of water at the centre. 

But this is far from being the case ; several distnrbing causes 
have deranged the regnlarity of original structure. The prin- 
cipal one has caused a low axis of elevation, or rather a line of 
flexure running east and west, following nearly the course of the 
Thames &om the Nore to Deptford, and apparently continued 
thence beyond Windsor, It brings up the chalk at Cliff, 
Purfleet, Woolwich, and Loampit Hill to varied but moderate 
elevations above the river level. Between Lowisham and Dept- 
ford the chalk disappears below the Tertiary series, and does 
not come to the surface till wo reach the neighbourhood of 
Windsor and Maidenhead. 

There is also, probably, another lino of disturbance running 
between some points north and south and intersecting the first 
line at Deptford, It passes apparently near Beckenham and 
Lewisbam, and then, crossiug the Thames near Deptford, 
continues up a part, if not along the wholo length of the valley 
of the Lea towards Hoddesdon. This disturbance appears in 
some places to have resulted in a fracture or fault in the strata, 
placing the beds on the east of it on a higher level than those 
1 the west ; and at other places merely to have produced a 
curvature in the strata. Prestwich states that he was unable to 
give its exact course, but its effect, at all events upon the water 
supply of London, is important, as, in conjunction with the fii'st 
r Thames valley disturbance, it cats off the supplies from the 
whole of Kent, and interferes most materially with the snpply 
from Essex ; for in ita course up tho valley of the Lea it either 
brings np the Lower Tertiary strata to the surface, as at Strat- 
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ford and Bow, or else, as &rther up the vallej, it raises them 
to within 40 or 60 feet of the sar£EU». 

The Tertiary district thus appears, on a general view, to be 
divided naturally into four portions by lines running nearly 
north and south, the former line passing immediately south, and 
the latter east of London, which stands at the south-east comer 
of the north-western division, and consequently it must not be 
viewed as the centre of one large and unbroken area, so far as 
the Tertiary strata are concerned. 




( 35 ) 



CHAPTER n. 

JURASSIC SrUATA. 

Undbb the term JurftBsio, derived from the Jura Mountains in ' 
Switzerland, are now grouped the great series of foBsiliferouB 
rooks which ware formerly termed Oolitic, from the charac- 
teristic oolitic atnicture of many of its limoBtones, It includes 
all the beds between the HaatingB Bauds and the New red 
sandstone. The strata of the Jurassic period in England 
appear at the surface over a narrow range of country, averaging 
30 miles in width, commencing at Lyme Regis and Portland 
on the English Channel, and extending across England, north 
and north-east to the Kiver Hnmber, and still further north, on 
the oaBtem coast of Yorkshire, almost to the mouth of the 
Tees, They thns cover eastern England. 

The oolitic rocks arc very porous, absorbing and holding i 
enormous volumes of water, which arc again delivered as 
springB, usually of great size. As water-bearing rocks the 
oolites are equal, if not superior, to the chalk itself for the 
pnrification and storage of water, but it is much to be regretted 
that this vast store ia rarely used by communities in England 
until it has been hopelessly pollutecl. Analyses taken from time 
to time over the district show that in opening a well great c 
should be exercised to cut off surface communication in di 
wells, and that most shallow wells are unsafe. 

An area of not less than 6671 equore miles is occupied I 
the oolitic roeks of England, with an annual average absorptio 
of not less than 10 inches of rainfall, a figure probably much 
below the real avenge. 

The two chief sources of springs among the Ootteswolds are 
the base of the Great oolite or Stonesfield slate, at its jusi:tiou 
with the Fuller's earth, and at the junction of the U'p^i \.Ssi* 
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clay with tbe overlying sands. To tbe latter horizon belong 
the seven springs forming the source of the Thames. Smaller 
springs issue in the district at the base of the Lias Marlstones, 
and the upper surfaces of the Forest Marble clays. 

Gloucester is partially supplied by springs in the flanks of 
Eobin's Wood Hill thrown out by the lias, which, with the 
surface drainage, are collected in a reservoir. 

Three springs at Cheltenham are collected along the flanks 
of the hills in bricked wells, and conveyed to the reservoirs at 
Hewlett's Hill and Leckhampton, together holding 85,000,000 
gallons. 

Above 300,000 gallons are delivered daily, the water being 
much softer than most oolitic springs, the hardness being only 
16° • of which 6 • is permanent ; that of Haydon, near Chelten- 
ham, is no less than 45° '7, of which 13*4 is permanent. 

From springs off the Upper Lias, Bath is supplied with 
water by no less than eighteen private companies. The water 
derived from the Beacon springs is the best, but is not quite 
satisfactory, since it is a remarkable fact that the cold waters, as 
well as the thermal springs of Bath, have considerable organic 
impurity. 

The Great oolite at Bath, consists of the following series : — 



Upper KagB .. 


Coarse shelly limestone 
Fine grained oolite 
Tough brown limestone 


Feet. 
'.', I 20 to 55 


Fine Freestone 




10 to SO 


Lower Rags .. 


Coarse shelly limestone 


10 to 40 



The freestone is very soft when first obtained, containing 
much moisture, amounting sometimes, it is said, to one gallon 
of water a cubic foot. 

The Bradford clay, a local thickening of the clayey beds of 
the overlying Forest Marble, reaches its greatest thickness at 
Farleigh, where it is 40 to 60 feet. The Forest Marble around 
Bath is 100 feet thick, in the Cotteswolds not more than 50. 
The Combrash limestones reach a thickness of more than 40 
feet, and are overlaid by 300 to 400 feet of Oxford clay. 
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The Ooral rftg, a rabblj limeBtono compoBed mainly of 
masBea of cotbI, only appears in the Bristol area. At Longleat 
Park it nnderliea the Eimmeridge, which reaches a thiuknesa of 
65 feet at Maidoa Bradley 

In the oolitic ontcrop, ranging between Crewkemo, through 
Bath to Wotton-nnder-Edge, the Coral rag is water-bearing. 
When present, the Oiford clay forms the impermeable layer, as 
also does the Combrash and the npper sandy beds of the 
Forest Marble, which are held np by the clayey bed beneath. 

The Lincolnshire oolites are absent in the eastern and 
southern portions of the Midland district, and the base of the 
Great oolite rests directly upon an eroded and denuded surface 
of the Northampton sands. J 

Tbo basement beds of the Northampton eanda rest iifl 
Butland and South Lincoln on an eroded surface of Upper ^ 
Lias clay, and generally consist of oolitic ironstone rook, 
forming a bold escarpment called " The Cliff," which stretches for 
90 miles through Lincolnshire to Yorkshire. From its base, 
at the junction of the Lias, copious springs arise. 

A buring at Stamford reached a depth of 600 feet, but the 
Lias was not penetrated, the upper clay being above 150 feet 
thick. Water occurs in the same horizon in the Uppingham 
Ontlier, issuing from a blue calcareous rock, forming the basoj 
of the Northampton sands, at Lyddington. Springs also issue atS 
Bisbrook. ^ 

The upper portion of the ironstones are much peroxidised 
and readily pervious to water; the compact lower portion, car- 
bonate of iron, is the water-bearing horizon, but it is considered 
locally much safer to penetrate it and reach the Lias " blue bind " 
to prevent failure during droughts. 

The Northampton sands average 20 to 30 feet in thickness, 
and seldom reach more than 40 feet, Tlie overlying Lincoln- . 
ahire oolite at Stamford is 80 feet, thickening from thencs ■ 
northwards, and thinning ont entirely southwards at Harrington I 
and Maidwell, and eastwards near "Wanaford tunnel. M 

At Northampton a recent bore-holo put down by the Waters 
Company, at the Kettering road, commenced in the Lias claya^S 
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which extended to a depth of 738 feet, bat below the Lias, 
instead of the triassic beds, a series of sandstones, conglomerates, 
and marls, terminating in carboniferous limestone, were met 
with. 

As regards the quality of water derived from the oolitic 
rocks, selected analyses made for the Rivers Pollution Conmiis- 
sion indicate that tiiese rocks are not inferior to the New red 
sandstone, in the energy with which they oxidise and destroy 
the organic matter present in the waters percolating through 
them. 

Though the waters so derived are generally hard, it is chiefly 
of a temporary character, capable of being softened by Clark's 
process, so as to average 6°*8 instead of 20°* 6. The oolites 
yield, in springs and deep wells, water which is bright, 
sparkling, and palatable, excellent for drinking and all domes- 
tic purposes except washing, for which latter purpose the addi- 
tion of lime renders it fit. 

It is noticeable that the temporary hardness of the deep-well 
waters is higher than that of the spring water. 




CHAPTEB in. 

THE NEW BED SANDSTONE. 

Teib formation hea been eHieadj alloded to at pp. 5 and 8 ; it 
is, next to the chalk and lower greenEand, the moet eztenaive 
source of water supply from wells we have in England, and al- 
though the two foimatione mentioned occupy a larger area, yet, 
owing to geographical position, the new red aandstone receives 
a mors conBiderable quantity of rainfall, and, owing to the com- 
parative BcarcenesB of carbonate of lime, yields softer water. 

The now rod sandstone is called on the Continent "tho 
Trias," as in Germany and parts of France it presents a dis- 
tinct threefold division. Although the names of each of the 
divisions are commonly used, they are in themselves local and 
unessential, as the same exact relations between them do not 
occur in other remote parts of Europe ot in England, and are 
not to be looked for in distant continents. The names of the 
divisions aad their English equivalents are : 

1. Keuper, or rod marls. 

2. Muschelkalk, or shell limestones (not found in this 

country). 

3. Bunter sandstone, or variegated sandstone. 

The strata consist in general of red, mottled, purple, or 
yellowish sandfltones and marls, with beds of rock-salt, gypsum 
pebbles, and conglomerate. 

The region over which triassio rocks outcrop in England 
stretches across the island from a point in the south-western 
part of the English Channel about Esmouth, Devon, north- 
north-eastward, and also from the centre of this band along 
a north-westward course to Liverpool, thence dividing and 
ronning north-east to the Tees, and north-west to Solway Firth. 

In central Europe the trias is found largely developed, q.'&&. 
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in North America it covers an area whose aggregate length is 
some 700 or 800 miles. 

The beds, in England, may be divided as follows : 

Average ThicknesB. 
Eeupeb — Bed marls, with rock-salt and gypsum .. .. 1000 ft. 
Lower Eeuper sandstones, with trias sand- 
stones and marls (waterstones) 250 ft. 

Dolomitic conglomerate 

BuNTEB — Upper red and mottled sandstone 300 ft. 

Pebble beds, or uncompaoted conglomerate .. 300 ft. 
Lower red and mottled sandstone 250 ft. 

The Kenper series is introduced by a conglomerate often cal- 
careous, passing up into brown, yellow, or white freestone, and 
then into thinly laminated sandstones and marls. The other 
subdivisions are remarkably uniform in character, except in the 
case of the pebble beds, which in the north-west form a light 
red pebbly building stone, but in the central coimties become 
generally an unconsolidated conglomerate of quartzose pebbles. 

The following tabulated form, due to Edward Hull, shows 
the comparative thickness and range of the Triassic series along 
a south-easterly direction from the estuary of the Mersey, and 
also shows the thinning away of all the Triassic strata from the 
north-west towards the south-east of England, which Hull was 
amongst the first to demonstrate. 

Thioeness and Bange of the Tbias in a S.E. dibeotion 

FBOM THE MeBSBY. 



NameH of Strata. 


Lancashire 

and 

West Cheshire. 


Staffordshire. 


Leicester- 
shire and 
Warwick- 
shire. 


Eeupeb Series — Bed Marl 

Lower Kenper sand- 
stone 

BuNTEB Series — Upper mottled sand- 
stone 

Pebble beds .. 
Lower mottled sand- 
stone 


3000 

450 

500 
500 to 750 

200 to 500 


800 

200 

50 to 200 
100 to 300 

to 100 


700 

150 

absent 
to 100 

absent 



THE KEW RED SANDSTONE. 



L The formation may be looked upon as almost eqaally [ 

meable in all directions, and the whole mass may liu regarilej 
as ft reBerToir np to a certain level, from which, whenever wella 
are souk, water will always be obtained more or lees abundantly. 
This Tiew is very fairly borne out by experience, and the occur- 
rence of the water ie certainly not solely duo to the presenccil 
of the fissures or joints traversing the rock, but to its permea 
bility, which, however, varies in different districts. 

In the neighbourhood of Liverpool the rock, or at least the 
pebble bod, ia less porous than in the neighbourhood of Wbit- 
more, Nottingham, and other parts of the midland countiee, 
where it becomes either an nnconsolidated conglomerate or a 
soft crumbly sandstone. Yet wells sunk even in the bard 
building Btono of tho j^ebble beds, either in Cheshire or 
Lancashire, always yield water at a certain variable depth. 
Beyond a certain depth the water tends to decrease, as was the 
caae in the St. Helen's public weU, aituated on Eccloston HilL 
At this well an attempt was made, in 1868, to increase the 
supply by boring deeper into the sandstone, but without any 
good result. 

When water percolates downwards in the rock we may 
suppose there are two forces of an antagonistic character 
brought into play; there Is the force of friction, increasing 
with the depth, and tending to hinder the downward progress 
of the water, while there is the hydrostatic pressure tending to 
force the water downwards ; and we may suppose that when 
eqnilibrinm has been established between these two forces, the 
further percolation will cease. 

The proportion of rain which finds its way into the rock in 
some parts of the country must be very large. When the rock, 
as is generally the case in Lancashire, Cheshire, and Shropshire, 
is partly overspread by a coating of dense boulder clay, almost 
impervious to water, the quantity probably does not exceed one- 
third of the rainfall over a considerable area ; but in some parts 
of the midland counties, where the rock is very open, and the 
covering of drift scanty or altngether absent, the percolation 
amounts to a much larger proportion, probably one-half or two- 
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thirds, OS nil the rain which is not evaporated passes downwarda. 
The nev red sandstone, aa remarked, may be regarded, in 
respect to wat«r supply, as a nearly homogeneous mass, equally 
available throughout ; and it ie owing to this structure, and the 
aknost entire absence of beds of imperrionB clay oi marl, that 
the formation is capable of affording such large supplies of 
water; for the rain which fiulls on its surface and penetrates 
into the rock is &oe to pass in any direction towards a well 
when sunk in a central position. If we consider the rock aa a 
mass completely saturated with water through a certain vertical 
depth, the water being in a state of equilibrium, when a well is 
Blink, and the water pumped up, the state of equilibrium is 
destroyed, and the water in the rock is forced in from all sides. 
The percolation is, doubtless, innch facilitated by joints, fissures, 
and faults, and in cases where one side of a fault is composed 
of impervious strata, such as the Keuper marls, or coal measures, 
the quantity of water pent np gainst the face of the fault may 
be very large, and the position often favourable for a well. 

An instance of the effect of faults in the rock itself, in 
increasing the supply, is afforded in the case of the well at 
Flaybrick Hill, near Birkenhead. From the bottom of this 
well a heading was driven at a depth of about 160 feet from the 
surface, to cut a fault about 150 feet distant, and upon this 
having been effected the water flowed in with such impetuosity 
that the supply, which had been 400,000 gallons a day, was at 
once doubled. 

The water from the new red sandstone is clear, wholesome, 
and pleasant to drink ; it is also well adapted for the parpoaes 
of bleaching, dyeing, and brevmig ; at the same time it must he 
admitted that its qualities as regards hardness, in other words, 
tho proportions of carbonate of limes and magnesia it contains, 
are subject to considerable variation, depending on the locality 
and composition of the rock. As a general rule the water &om 
red sandstone may be considered as occupying a posi- 
tion intermediate between the laird water of the chalk, and the 

11 water supplied to some of our large towns from the drain- 
of mountainous tracts of the primary formations, of which 




THE NSW BED SANDSTONE. 48 

the water sapplied from Lobh Eatrme to Glasgow is perhaps 
the purest example, oontaming only 2*85 grams of solid matter 
to the gallon. Having besides but a small proportion of saline 
ingredients, which, while they tend to hazden tlie water, are 
probably not without benefit in the animal economy, the water 
supply from the* new red sandstone possesses incalculable ad- 
vantages over that from rivers and sur£Ace drainage. Many of 
our large towns are now partially or entirely supplied with 
water pumped from deep wells in this sandstone ; and several 
from copious springs gushing forth from the rock at its junction 
with some underlying impervious stratum belonging to the 
primary series. 
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CHAPTER IV. 



WELL SINKING. 



Freviohs to sinking it will be neoessary to have i 
H stock of buckets, sbovelB, picks, rope, a pulloy-block or a 
windlasB, and barrowB or other menus of cosvejing the mate- 
rial extracted away from the mouth of the sinking. If the 
sinking is of any great depth, a, few lengths of portable railway 
and tipping waggons will bo of much service. After all the 
pieliminary arrangements hikve been made, the sinking is com- 
menced by marking off a circle upon the ground 12 or IS 
inches greater in circumference than the intended internal 
diameter of the well. The centre of the well as commenced 
from mast be the centre of every part of the sinking; its posi- 
tion must be carefully preserved, and everything that is done 
mast be true to this centre, the plumb-line being frequently 
used to test the vertical position of the sides. 

To sink a well by underpinning, an excavation is first made 
to such a depth as the strata will allow without falling in. At 
the bottom of the excavation is laid a curb, that is, a flat ring, 
whose internal diameter is eijual to the intended clear diameter 
of the well, and its breadth equal to the thickness of the brick- 
work. It is made of oak or elm planks 3 or 4 inches thick, 
either in one layer fished at the joints with iron, or in two 
layersbreaking joint, and spiked or screwed together. On this, 
to line the first division of the well, a cylinder of brick- 
work, technieiilly called steining, is built in mortar or cement. 
In the centre of the floor is dug a pit, at the bottom of which 
is laid a small platform of boards; then, by cutting notches 
in the side of the pit, several raking props are inserted, their 
lower ends abutting against a foot block, and their upper ends 
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against the loweGt setting, so as to give temporarf support to 
the curb with its load of brickwork. The pit is enlarged to 
the diameter of the shaft ubovo ; on the bottom of the excava- 
tion is laid a new curb, oa which is built a new division of the 
brickwork, giving pcrmaneiit support to the npper curb ; the 
raking props and their foot-blocka are reinovod ; a new pit is 
dug, and so on ae before. Care should be taken that the earth 
is firmly paoked behind the steining. 

A common modification of this method consists in excavating 
to such a depth as the strata will admit without falling in. A 
wooden curb is laid at the bottom of the eicavation, the brick 
steining laid npon it and carried to the sarface. The earth is 
then excavated flnsh with the interior sides of the well, so that 
the earth nndemeath the curb supports the brickwork above. 
When the excavation has bcoa carried on as far as convenient, 
recesses are made in the earth nnder the previous steioing, and 
in these recesses the steining is carried up to the previous 
work. When thus supported the intermediate portions of earth 
between the sections of brickwork carried up are cut away and 
the steining completed. 

In sinking with a drum curb, the curb, which may be either 
of wood or iron, consists of a flat ring for supporting the 
steining, and of a vertical hollow cylinder or dram of the 
same outside diameter as the steining, supporting the ring 
within it and bevelled to ft sharp edge below. The rings, or 
ribs, of a wooden curb are formed of two thicknesses of elm J 
plonk, 1^ inch thick by 9 inches wide, giving a total thick 
of 3 inches. 

Fig. 17 is a plan of a wooden dram curb, and Fig, 
section showing the mode of construction. The outside cylinder 
or drum is termed the lagging, and is commonly mode from 
l^inch yellow pine planks. Tha drum may be strengthened 
if necessary by additional rings, and its connections with the 
rings made mure aecore by brackets. In large curbs the rings 
are placed about 3 feet 6 inches apart. Fig. 19 is a section of ■ 
sack a curb for a 20-feot opening. Here the rings a 
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three deep, and of Buch thickness ae to afibid strength to reBiskj 
great lateral pressure. Fig. 20 is a plan, and Fig. 21 aS' 
enlarged segment of an iron cnrb. 

When the well has been sunk ae &r as the earth will stand 
vertical, the drum curb is lowered into it and the bnilding of 
the brick cylinder com- 
menced, care being takea 
to complete eoeh course 
of brioks before laying 
another, in order that 
the curb may be loaded 
equally all round. The 
earth is dug away from 
the interior of the drum, 
and thie, together with 
the gradually iucreaeing 
load, causes the sharp 
lower edge of the drum 
to sink into the earth ; 
and thns the digging of 
the well at the bottom, 

the sinking of the drum ^^'o /« ''"^'' ■ 

curb and the brick lin- ^' '* 

itig which it carries, and the building of the steining at HiA 
top, go on together. Care nmst be taken in this, as in every 
other method, to regulate the digging so that the well shall sink 
vertically. Should the friction of the earth against the outside 
of the well at length become so great as to stop its descent 
before the requisite depth is attained, a smallor well may be 
sunk in the interior of the first well. A well so stopped is said 
to bo earth-fast. This plan cannot be applied to deep wells, 
but is very successful in sandy soils where the well is of 
moderate depth. 

The curbs are often supported by iron rods, fitted with screws 
and nuts, from cross timbers over the mouth of the well, and as 
the excavation is carried on below, brickwork is piled on above, J 
and the weight of the steining will carry it down aa the excav»- 1 
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tion proceeds, nntil the friction of the sides overpowers the 
gravitating force, when it becomes earth-bonnd ; then a set-off 
must be made in the well, and the same operation repeated as 
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Fig. 21. 



often as the steining becomes earth-bonnd, or the work must be 
completed by the first method of underpinning. 



Wlien the rock to be sank through is nastratified, or if 

stratified, whea of great tliicknese, reauurse must be bad to the 
action of explosive agents. The eij)loai7eB most frequently used 
for this purpose are gunpowder, guncottoa, and dynamite. Of 
these gaapowder is the oldest and etiU one of the most ex- 
tensively employed, and although the more violent esploaives 
are so much used, it is not at all probable that gunpowder will 
ever be entirely displaced by them as a blaating material, no 
other explosive agent possesses its peculiar properties or can 
be used instead of it under all circuiu stances. It is essential, 
however, that the powder be of good quality, a matter which is 
maoh too frequently neglected. 

The advantages, in certain cases, of a stronger explosive 
than gonpowder led to the introduction of the nitro-cotton and 
the nitro-glycerine preparations, and of those dynamite, the 
name given to nitro-glycerino absorbed in poirdered kieselguhr 
or infusorial silica, is the most generally useful. In very bard 
and tongh rock it is very efiective, and will bring out a burden 
which other explosives fail to loosen. It is not much affected 
by damp, so that it may be employed in wet holes ; indeed, 
water is commoidy used as a tamping with this explosive. la 
upward holes, where water cannot of course be used, dynamite 
is lired without tamping, its quick action rendering this 
possible, altbongb it is more economical to use light tamping. 

The plastic form of dynamite constitutes a great practical 
advantage, inaamacb as it allows the explosive to be rammed 
tightly into tbe bure-bole, so as to fill np uU empty spaces and 
crevices; this also renders it very safe to handle, as a light 
blow can hardly produce sufBcient beat in it to cause an 

The numerous otlior mixtures of nitro-glycerine, such as 
"mica-powder," "rend-rock," " litho-fractenr," and the like, 
may be considered as dynamites and employed in the same I 
way. BIttflting-gelutine, which consists of uitro-glycerine 
tinised by the addition of soluble guncottoa, requires a very 1 
strong detonator, or a primer cartridge of another exptosi 
produce its best results. 
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Dynamite and guncotton liave to be firod in a different way 

Kio gunpowder, eince a spark or the mere application of flame 

■irill not caaee them to explode. A detenator or powerfnl cap 

{Jb the means employed, and this is attached either to the 

rdinary safety fnee, or to an electric fuse. The fuse fires the 

detonator, which oiplodes and fires the esplosive. 

When bnmt nnconfined, dynamite and gnncotton give no 

practical efiect, but evolve fumes that are very disagreeable ; 

if properly detonated by using a detonator of sufficient 

L.«tresgth, and placing it well into the cartridge, and if over- 

I charging be avoided, their explosion will not vitiate the atmo- 

[ sphere. So-called "treble" detonators are best for dynamite, 

*' quiatnplea " for guncottou, and "Bextuples" for tonito or 

cotton-powder. 

The following iustruutiona for using dynamite are those 
usually given by the writer ; they will apply almost equally to 
any nitro-glycerine mixture, or to guncotton and its derivative, 
cotton-powder. A piece of suitable eitfuty-fuBe ia token, a 
sufficient length cut off cleanly, and the end put into a deto- 
nator. The detonator must be attached firmly by squeezing it 
on to the fuse with a pair of nippers, at the end nearest the 
fuse. This is a matter of itDpoitance, since the squeezing not 
only retains the detonator ia its place, but enables its full force 
to be utilised. In wet ground or nater, a little tar, grease, or 
red lead should be smeared round the junction of the fuse and 
detonator, to prevent the admission of moisture into the latter, 
which might cause a nuBstiro. Open a primer cartridge at one 
end, and with a small pointed piece of wood muke a hole in 
the dynamite about i^ inch deep ; put 
the detonator into this hole, leaving 
the upper part of the cap quite clear 
, of the explosive ; then twist the 
paper round the fuse. Fig. 22, and 
tic it firmly with a piece of string, 
8(1 that the detonator may nut be 
oiled out when the primer is in the bore-hole. The prinier 
I every case be of a diameter inferior to that of the 
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Bhot-Iiole bj at least one-e ghtli or better at 11 one-fourth port 
of ao inch The reason for this ls that the pnmer to a shot 
should always be of such a a ze as will not necess tate the 
employment of any inator al degree of f ce n placing it in 
pofi t on on to the top of the charge the jwefi h 1 ty of eiplod ng 
the detonator by means of a blow m the act of charging a shot 

s thereby avo ded Detonators be ng a mply percuss on caps 
of large 8 zo and power will esplode as anrely from the 
effects of a blow as from the »ppl cat on of fire When 
primers of small diameter m compar son with the e ze of the 
shot h le ate made use of the only si ght source for fear s 
avo ded 

The requ s te numhtr of pla n cartr dgea having been taken 
each m pressel sepa ately into the bore-hole w th a wooden 
rammer F g 23 The ^uant ty roqiureil 
will Tft y w th the B ze and depth of the 
bore h le and the k nJ of rock t« be 
blasted a fen bhots vtill eae ly determine 
th 8 in any part cular local ty When uU 
the charge s laserte 1 the pr me tli 
tfae detonator and fuse is gently push d 
upon the t p and 1 ghtly tampod yith 
sand clay or even water There should 
be a de;:th of not less than 2 ncles of 
sand over tl o end of the detouat r before 
commenc ng to tamp Though a h gh oj n on a 
by practical ra ners ot the value of hard taiap ng n the use of 
gnupuwder t e a veil oscerta nod fact that wh n dynamite or 
gnucotton 8 the explos vo used gontle tarap ng ans ve s veil 
though as the depth of tamp ng n the shot hole u reoaes 
the tamp ng may become heav or with advantage Under 
any cir uiustances wooden tamping rods should alone be 

Care must he taken that there a no fore gn substance n the 

tube of tl e detonator also to have the fuse cut off level at the 

I end that s to be inserted nto the detonator thus eneur ng that 
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the small colamn of prepared gunpowder of the fnee ehall come 
in direct coatact witli the fulmiDiite 

Another point that requires attention is the operation of 
fixing and Bocuring the detonator into the primer Not onlj is 
it neoeBsary that the detonator should be securely filed, bat 
\ihen BO fiied not leas than, say, one fourth of the total length 
of the detonator should be visible Should the detonator 
become more than fully inserted into the primer, the fuse might 
possibly set on fire the pnmer before 
e^plodmg the detonator, and thua cause a 
comparative failure of the shot 

Having made the arrangements thna 
deaonbed, the bore hole will be Bimilar to 
Fig 24 , it 18 then ready to fire. 

In winter time, or whenever the tem- 
perature IS low, dynamite freezes and 
becomes hard It should not be used 
until 3t IS thawed, when it softens and is 
fig , again fit for use The thawing may be 

easily done by puttmg the cartridges in a 
tm can, and this in an outer yosboI containing hot water, or 
in the hot water cans supplied by the manufacturers A rough 
but safe plan la carefnl hands, is to keep them a bttle time in 
the trousers pockets. 

On no account should the dynamite be warmed on iron plates, 
stoves, or boforo an open fire, as such practices are a most 
Iruitfal cause of serious accidents. For the same reason open 
boxes of dynamite should not be exposed to the sun. 

Dynamite for miners' use is commonly made up in charges 
of 1^ to 2 inches diameter, advancing by eighths. The ordinary ' 
size is the 1-ii 

A 1-inch bore-hole will contain 8 '18 ounces of dynamite in 
every foot of its length, and for estimating purposes 18 coils of 
safety fuse and 200 detonators may be allowed to each 100 lb. 
of esplosive. 

We shall, in treating generally of blasting for weU sinlc- 
operations as carried out by the aid of 




gunpowder. Similar reasoning will apply to the other € 
plosiTOB, 

The eystem of hlastiag employed ia well sinking coaBiatB in 
boring holes from ^ to 3 inches diameter in the rock to be dis- 
rupted, to receive the charge. The position of these holes is a 
matter of the highest importance from the point of view of 
producing the greatest eflects with the available means, and to 
determine them properly requires a complete knowledge of the 
nature of the forces developed by an explosive agent. This 
knowledge ia rarely possessed by sinkers. Indeed, such is the 
ignorance of this subject displayed by quarrymen generally, 
that when the proportioning aad placing the chaises are left to 
their judgment, a largo expenditure of hibour and material will 
often produce very inadequate results. Id all cases it is far 
more economical to entrust those duties to one who thoroughly 
understands the subject. The following principles should 
govern all operations of this nature : 

The explosion of gunpowder, by the eipansion of the gases 
suddenly evolved, develops an unarmous force, and this force, 
dne to the pressure of a fluid, is exerted equally in all directions. 
Consequently the surrounding ma»s subjected to this force will 
yield, if it yield at all, in its weakest part, that is, in the part 
which offiirs least resistance. The line along which the mass 
yields, or line of rapture, is called the line of least resistance, 
and is the distance traversed by the gases before reaching the 
Burface. When the surrounding mass is uniformly resisting, 
the line ef least resistance will be a straight line, and will be the 
shortest distance from the centre af the charge to tho surface. 
Such, however, is rarely the case, and the line of rupture will 
therefore in most instances be an irregular line, and often much 
longer than that from tho centre direct to the surface. Henoe 
in all blasting operations there will be two things to determine, 
the line of least resistance and the quantity of powder requisite 
to overcome the resistance along that line. For it is obvious 
that all excess of powder ia waste ; and, moreover, as the force 
developed by this excess must be expended upon something, it will 
probably be employed in doing mischief. Charges of powder o^ 
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uniform Btrength prodaco efiocts varying with tbeir weight, that 
IB, & double charge will move a. double mass. And as homogeneous 
masBes vary as the cube of any similar line within them, the 
general rule is established that charges of powder to produce 
similar results are to each other as the cube of the lines of leaBt 
reBistance. Hence when the charge reijuieito to produce a given 
effect in a particular substance has been detenaiueJ by experi- 
ment, that necessary to produce a like effect in a given masa of 
the some subsfance may be readily determined. As the aub- 
etances to be acted upon are Torious and differ in tenacity in 
different localitieB, and as, moreover, the quality of powder 
varies greatly, it will be necessary, in undertaking sinkiug 
operations, to make esperiments in order to determine the 
conetant which should be employed in calculating the charges 
of powder. In practice, the line of least resistance b taken as 
the shortest distanee from the centre of the eharge to die sur- 
face of the rock, unices the existence of natural divisions shows 
it to lie in some other direction ; and, generally, the charge 
requisite to overcome the resiatanee will vary from ■j'j to ^ of 
the cube of the line, the latter being taken in feet, and the former 
in pounds. Thus, suppose the material to bo blasted is chalk, 
and the line of least resistance 4 feet, the cube of 4 is 64, and 
taking the proportion for chalk as g'jj, we have |^ = 2-^^ lb. as 
the charga necessary to proiluce disruption. 

When the blasting is in stratified rock, the position of the 
charge will frequently bo determined by the natural divisions 
and fissures ; for if these arc not duly taken into consideration, 
the sinker will have the mortification of finding, after his shot 
has been fired, that the elastic gases have found an easier vent 
through one of these flaws, and that consequently no useful 
effect has been produced. The line of least resistance, in this case, 
will generally be perpendicular to the beds of the strata, so that 
the hole for the charge may be driven parallel to the strata and 
in such a position as not to touch the planes which separate them. 
This hole should never be driven in the direction of the line of 
least reBistanee, and when practicable should be at right angles 

to it. 

The icetmments employed in boring the holes for the shot 
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are iron rods having a weJgB-Bhaped piece of stdol 
welded to their lower ends aod brought to an edge 
so M to cut iuto the ruck. These are worked 
either by striking them on the head with a Lamtuer, 
or by jumping them up aud down and allowing thera 
to penetrate by their own weight. When used in tho 
former manner they are called borers or drills ; in 
tho latter case they are of the form Fig. 25, and are 
termed jumpers. Recently power jumpers worked by 
corapreBsed air and drills actuated iu the same man- 
ner have been very aaeoessfully employed. Holes 
may be made by tlieee instrmnents iu almost any 
direction; but when hand labour only is available, 
tbe vertical can be most advantageously worked. 
Hand jumpers are usually about 4 feet S iucbcs in 
length, and are used by holding in the direction of the 
required hole, and producing a series of sharp blows 
through lifting the tool about a foot high and drop- 
ping it with an impulsive movemeul. Tho bead 
divides a jumper into two unequal lengths, of which 
tbe shorter is used for commencing a bore-hole, and 
the longer for fiuishing it. Often the bit on the long 
length is made a trifle smaller than the other to 
remove any chance of it^ not following into the hole 
which has been commenced. 

Drills and jumpers should be made of the best 
iron, preferably Swedish, for ii' the material be of an 
inferior qaality it will split and turn over under the 
repeated blows of the mall, and thus endanger the 
hands of the workman who turns it, or give off splin- 
ters that may cause serious injury to those engaged 
in the shaft. Frequently they are mode entirely of 
steel, and this material has much to recommend it 
for this purpose. The length of drills varies from 
18 inches to 4 feet, the different lengths being put 
in BueoesBively as the sinking of the hole progresses. 
The cutting edge of the drills should be well steeled, 
^ I tad for the first, or 18-inoh drill, have gQUOia-U^ & 
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II breadth of 2 incheB ; tlie second, ot 28-incli drill, may be 

I If incli on tbe edge ; tlie tbird, or 3-foot drill, 1^ inch, and 

the fourth, or 4-foot drill, 1^ inch. 

The mode of using the drill in the latter case ia as follows: 
The place for the hole having been marked off with the pick, 
one man sits down holding the drill in both hands between 
his legs. Another man then strikos the drill with a mall, the 
former turning the drill partially round between each blow to 
prevent the catting edge from falling twice in the same place. 
The speed with which holes may be sunk vories of course with 
the hardness of the rock and the diameter of the hole. At 
Holyhead the average work done by three men in hard quartz 
rock with l^inoh drills was 14 inches an hour ; one man hold- 
ing the drill, and two striking. In granite of good quality, it 
has been ascertained by experience that three men are able to 
sink with a 3-inch jumper 4 feet in a dtiy ; with a S^'incli 
jmnper, 5 feet; with a 2^ inch, 6 feet; with a 2-inch, 8 feot; 
and witb a 1^-inch, 12 feot, A strong man with a 1-inch 
jumper wQl bore 8 feet in a day. The weight of the hammers 
used with drills ia a matter deserving attention ; for if too 
heavy they fatigue the men, and consequently fewer blows are 
given and the effect produced lessened ; while, ou the other 
hand, if too light, the strength of the workman is not fully 
employed. The nsual weight ia from 5 to 7 lb. 

As the lahosr of boring a shot-hole in a given kind of pook is 
dependent on the diameter, it is obviously desirable to make the 
hole as small as possible, dno regard bcinghad to the size of the 
charge ; for it must ho borne in mind in determining the dia- 
meter of the boring that the charge should not occupy a great 
length in it. Various expedients have been resorted to for the 
purpose of enlarging the hole at the bottom so as to form a 
chamber for the powder. If this could bo oasily effooted, such 
a mode of placing the charge would be highly advantageons, as 
a very email boro-hole would bo sufScient, and the difficulties of 
tamping much lessened. One of these expedients is to place a 
email charge at the bottom of the bore, and to fire it after being 
properly tamped. The charge being insufficient to cause frac- 



tnre, the parts in immediate contact with it are compreBSed a 
crnehed to dust, and the cavity is thereby enlarged. The prope 
charge may then be inserted in tte chamber 
thuB formed by boring through the tamping. 
Another method, applicable chiefly to calca- 
reona rock, waa employed, it ia stated, with 
eatisfactory reaulte, at Marseillee many years 
ago. When the bore-hole has been anuk to 
the required depth, a copper pipe. Fig. 26, of a 
diameter to fit the bore loosely, is introduced, 
the end A reaching to the bottom of the 
hole, which is closed np tightly at B with 
clay eo that no air may escape. The pipe 
is provided with a bent neck, C. A email 
leaden pipe, e, about ^ inch in diameter, 
with a funnel, /, at the top, is introduced into 
ths copper pipe at D, and passed to within 
an inch of the bottom, The annular space 
between the leaden and copper pipes is filled 
at g with hemp packing. Dilute nitric acid 
is then poured through the funnel and 
leaden pipe. The acid dissolves the calca- 
reous rock at the bottom, causing effervescence, ^'e- SS' 
and a shme containing the dissolved lime is forced out of the 
opening C. This process is continued until, from the quantity 
of add used, it isjndged that the chamber is enlarged sufBciently. 
Oiberacidswould produce similar effects, the results iu each case 
depending, of conrse, npon the chennicBl com])osition of the rock. 
The writer ia unacquainted with aay instance where this system 
has been used ; it is impracticable except in a few very special 
coses, and must even then be both troublesome and expensive. 

After the shot-hole has been bored, it is cleaned ont and 
dried with a wisp of bay, and the powder poured down ; or, 
when the hole is not vertical, pushed in with a wooden rammer. 
The qnantity of powder should always be determined ] 
weight. One pound, when loosely poured out, will ocoup] 
about 30 onbio inches, and 1 cubic; foot weighs 57 pounds. 
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hole 1 inch in diEuneter will therefore contain -414 onnce for 
every inch of depth. Hence to find the weight of powder to an 
inch of depth in any given hole, we have only 
to multiply -414 ounce by the aquaro of the 
diameter of tho hole in inches, and we are 
enabled to determine either the length of hole 
for a given charge, or the charge in a given 
apace. It is important to use strong powder 
in blasting operatiuDB, because, as a smaller 
quantity will he sufBcient, it wiU occupy leaa 
epaoe and thereby save labour in boring. 

When the hole ia in wet stone, means must 
bo provided for keeping the powder dry. For 
this purpose, tin cartridges are sometimee 
used. Theae are tin cylinders of suitable 
dimensions, fitted with a small tin stem through 
which the powder ia ignited. The effect of the 
powder ie, however, much lessened by the use 
of these tin cases. Generally a paper cart- 
ridge, well greased to prevent the water from 
penetrating, will give far more satis&ctory 
. results. When the paper shot ie used, the 

I hole eboald, previous to the insertion of the 

I charge, be partially filled with stiff clay, and 

I a ronnd iron bar, called a clay-iron or bull, 

W Figs. 27, 28, driven down to force the clay 

I into the interstices of the rock through which 

■ the water enters. By this means the hole will 

H he kept comparatively dry. The bull is with- 

I drawn by pl&cing a bar through the eye near 

I the top of the former, provided for that pnr- 

P pose, and lifting it straight out. The cartridge 

r I is placed upon the point of a pricker and 

I V pashed down the hole. The pricker, shown 

L Fig. 28. jQ Pig, 29, is a taper piece of metal, nsually 

I of copper to prevent accidents, pointed at one end and having 

B a ring at the other. Whon the cartridge has been placed in 

^^^^^itsjwsitjon by this means, a litUe o^^^^W^r^j^md r 
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Bickford fuse ioBerteiJ, This fuse ia mexpensive, yery certain 
ia its effects, sot cosily injured by tatnpiug, and ie unaffected 
by moiBtura. The No. 8 fnse ia preferred for wet groumt ; and 
when it is required to fire the ohnrge from the liottoni in deep 
holes. No. 18 is the most suitable. 

When the line of least reaistance has been decided upon, caro 
mast be taken that it remains the lino of least resistance ; for 
if tlie spftco ia boro-holo is not properly filled, the elastic gftses 
may find an easier Tent in that direction than in any other. 
The materials employed to fill this space are, when so applied, 
colled tamping, and they consist of the chips and dual from 
the sinking, sand, weU-dried cloy, or broken brick or stones. 
"Varioua opinions are held concerning the relative yalue of these 
materials as tamping. Sand oSera very great resistance from 
the friction of the particles amoDgst themselves and against the 
sides of the bore-hole ; it may bo easily applied by pouring 
it in, and is always readily obtainable. Clay, if thoroughly 
baked, offers a somewhat greater resistance than saud, and, 
where readily procurable, may be advantageously employed. 



Broken stone is much inferior to either of these enbstances in 
resisting power. The favour in which it is held by sinkers 
and quarrymcn, and the frequent use they make of it as 
tamping, must be attributed to the fact of its being always 
ready to band, rather than to any excellent results obtained 
&om its use. The tamping is forced down with a stenuner ot 
tamping bar similar to Figs. 30, 31, too frequently made of 
iron, hut which should be either of copper or bronze. The 
tamping end of the bar is grooved on one side, to admit of its 
clearing the pricker, or the fuse, lying along the side of the 
hole. The other end is loft plain for the hand or for being 
stmok with a hammer. 

All tamping should be selected for its freedom from particles 
likely to strike fire, but it must not be overlooked that the cause 
of Buch a casualty moy lie in the aides of tlieho\Bi\.«a\t. MtAki 
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these eircumatanccB is seen tie advisability of using bronze o 
copper tamping tools, and of Dot hammering violently o 
tamping until a. little of it has boon first gently pressed down to 
cover over the charge, becuuse the earlier blows on the lamping 
are the most dangerous in the event of a spark ocourring. A 
little wadding, tow, paper, or a wooden plug is sometimes 
put to lio against the charge before any 
tamping is placed in the bole. 

To lessen the danger of the tamping 
being blown out, plugs or cones of metal 
of diferent shapes are sometimes in- 
sorted in the bole. The beet forms of 

I In? aro shown in Figs. 32 and 33; 
1 1,' ^2 IS a metal cone wedged in on 
tl f impmg with arrows, and Fig. 33 is 

I I m ul shaped plug 
^\ hen all IS ready, the sinkers, with 

tljL Lsception of one man whose duty it 
IS to fire the charge, are either drawn 
out of tho shaft, or are removed to 
some place of safety. This man then, 
having ascertained by calling and re- 
ceiving B reply that all are under shelter, applies a light to 
the fuse, shouts " Bend away," or seme equivalent eipres- 
Eion, and is rapidly drawn up the 

' J ~ I To avoid shattering the waUs 

uf a shaft, no shot should be 
I' placed nearer the side than 12 

\ ; inches. The portion of stone 

L-..-— ^;'; 116^' the wall sides of the shaft 

^^^^^^ left after blasting is removed by 

^^«^j steel-tipped iron wedgos 7 or 8 

._i?^SS^?/ - iuches in length. The wedges 

'-^ '^ are applied by making a small 

'ith the point of tho pick and driving them in with t 

The sides may then be dressed as required with the pick. 

After some 30 or 40 feet have been sunk the air at ^M 
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bottom of the well may be very foul, especially in a well 
where blasting operations are being carried on, or where 
there is any great escape of noxious gases through fissures. 
Means must then be proTided for applying at the surface a 
small exhaust Ian to which is attached lengths of tubing 
extending down the welL Another good plan is to pass a 4 or 
G inch pipe down the well, bring it np with a long bend at 
sorfaoe, and insert a stoam jet ; a brick chimney is frequently 
bnilt over the upper end of the pipe to increase the draught, 
and the lower end continued donm with flexible tubing. With 
either fan or steam jot, the foul air being continuously with- 
drawn, fresh air will rush down in its place. This is far better 
than dashing lime-water down the well, using a long wooden 
pipe with a revolving caphead. or pouring down a vertical pipe 
water which escaped at right angles, the old expedients for 
freshening the air in a well. 

A moans of increasing the yield of wells, which is frequently 
very sncceesful, ie to drive small tunnels or headings from the 
bottom of the well into the enrtonnding water-bearing stratum. 
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As an example, let Tig. 34 represent a sectional plan of a 
portion of the water-bearing stratum at the bottom of the shaft. 
This stratum is underlaid by an impervious stratum, and con- 
sequently, the water will flow continuously through the former 
in thfl direction of the dip, as shown by the aim-H atiA \,\ift 
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dotted lines. That portion of the stratum to tbe rise of the 
ehnft, S, nhich is iucluded within vertical lines tangent to 
the circle at the points m and n, will be drained by the shaft. 
The breadth of this portion will, however, be extended beyond 
these lines by the relief to tbe lateral pressure afibrded by tha 
ehaft, which relief will caase the fillets of water to diverge from 
their original coureo, towards the shaft, as shown in the figure. 
Hence the breadth of dvaicago ground will he ab, and it is 
evident that the shaft, S, can rccoivo only that water which 
descends towards it through tfao space. Cut if tunnels be driven 
from the shaft along the strike of the stratum, as m c, nd, 
these tunnels will obvioualy intercept the water which fiows 
past the shaft. By this means the drainage grotuid is extended 
fiom ait to a'b', and the yield of the well proportiouately 
increased. 

It should be remarked that when the stratum is horizontal or 
depressed in the form of a basin, that is, when it partakes more 
of the character of a reservoir than a stream, the only use of 
tunnels is to facilitate the ingress of water into the abaft, and 
Id such case they should raditLtefrom the shaft in all direotionB. 
They are also of service in caee of accident to the pumps, as 
the time they take to £11 up allows of oEamination and repairs 
being made in that time to the pumps, which could not be got 
at if tlio engines stopped pumping and the water rose rapidly 
up the shaft. 

The size of tlie headings is nsually limited by tbe least 
dimensions of the space in which miners can work efficiently, 
that is, about 4^ feet high and 3 feet wide. The borse-Bhoe 
form is generally adopted for the sides and top, the floor being 
level, for the drawing oS of the water by the pumps is quite 
suf&cient to cause a flow, unless of course the dip of the stratum 
in which the tunnels are driven is such as to warrant an inclina- 
tion. Where thore is any wotor it is not possible to drive thorn 
with a fall, for the men would be drowned out. 

I of some headings in the new red sandstone which 
the writer recently inspected, varied from 30s, a yard iu ordi- 
nary stone, to il. 10a. a yard in very hard stone. 



WELL SIN KINO. 63 

The foregoing remarks do not apply to headings driven in 
the chalk, where it is the usual practice to select the largest 
feeder iseuing from a fiesiire and follow that fissure op, anless 
the heading is merely to serve as a reservoir, when the directioD 
is immaterial. 

The sides of wells uenally roiiTiire lining or eteining, as it is 
termed, with some material that will prevent the loose strata of 
the sides of the excavation falling into the well ami choking it. 
The materials that have been snccesafully used in this work are 
brick, stone, timber, and iron. Each description of material is 
enitable under certain conditions, while in other positions it is 
objectionable. Brickwork, which is universally nsod in steining 
wells in England, not unfrequeutly fails in certain positions ; 
through admitting impure water when snch water is under 
groat pressure, or from the work becoming disjointed from 
settlement due to the draining of a running saad-bed, or the 
collapse of the well. Stone of fair quality, capable of with- 
etanding compressive strains, is good in its way ; hut inasmuch 
as it requires a groat deal of labour to fit it for its place, it 
cannot successfully compete with brickwork in the formation of 
welle, more especially as it has no merits superior to those of 
brick when used in such work ; however, if in any locality, by 
reason of its cheapness, it can be used, care should bo taken to 
select only such as contains a largo amount of silica ; indeed, in 
all cases it is a poinb of great importance in studying the nature 
of the materials need in the construction of wells, to select those 
which are likely to be the most durable, and at tho same time 
preserve the purity of tho water contained in tho well ; and this 
is best secured by silicious materials. 

Timber is objectionable as a material to be used in the lining 
of wells, on account of its liability to decay, when it not only 
endangers the construction of the well, but also to some extent 
fouls the water. It is very largely usod under some circum- 
stances, especially in tho preliminary operations in sinking most 
wells. It is also succesafnUy used in lining the shafts of the 
salt wells of Cheshire, and will continne entire in such a posi- 
tion for a great number of years, as the brine seems to have a 
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tendenof to preserve the timber and prevent its decay. Iron is 
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extensively employed in steining wells ; 
matorinls ordinarily need, its use is likely 1 
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to be much extended. It is capable of 
bearing great compressive strains, and of 


Fig. 36. 




waters as it may be desirable to keep ont, 






and is not liable to decay nnder ordinary 
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instances in his practice where recourse 

has been kad to the ose of iron cylindersi J 
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when it was found that four or five rings \ 
ai brickwork, set in the best cement, failed ' 
to keep ont brackish waters ; and, if the 
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original design had provided for the intro- 
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duction of these cylinders, it would have 
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reduced the cost of the well very 
materially. 
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The well-sinker has often, in executing 


o 


his work, to contend with the presence of 
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large volumes of water, which, nnder ordi- 1 
nary circam stances, must be got rid of by 
pumping ; but by the introduction of iron 
cylinders, which can be sunk under water. 
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the consequent expense of pumping is 
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saved. 
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When sinking these cylinders through 
water-bearing strata, various tools are used 
to remove the soil from beneath them. The 
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principal is the mizer, which consists of an 
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iron cylinder with an opening on the side 
and a cntting lip, and which is nttachod to 
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a set of boring-rods and turned from above. 


Fig. 31. 




The valve in the old form of mizer is 


eabject to vario 


oa ftccidenta which interfere with the action of 1 
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the tool ; for instance, pieces of hard soil or rock often lodge 
between the valve and its seat, allowing the conteots to run 
oat Whikt it is being raised through water. To remedy this 
defect tiie eminent well-sinker, Thomas Doowra, designed and 
introdnced the improved mizer, shown of the usual dimensions 
in Figs. S6 to iO; Eig. 85 being a plan at top, Fig. 36 an 
elevation, Fig. 37 a plan at bottom, Fig. 39 a section. Fig. 38 
a plan of the stop a, and Fig. 40 a plan of the valve. It con- 
sists of an iron cylinder, conical shaped at bottom, famished 
with holes for the escape of water, and attached to a central 
shaok by means of stays. The shank extends some 7 inches be- 
yond the bottom, and ends in a point, while the apper part of the 
shank has an open slot to form a box joint, Figs. 41 to 43, with 
the rods. The conical bottom of the mizer has a triangular-shape<l 

opening ; on the outside 

of this is fitted a strong 

iron ontter, and on the 

inside a properly-shaped 

valve, seen in section and 

plan in Figs. 39 and 40. 
. When the mizer is 

taobed to and turned by 

means of the boring-rods, 

the dSbrig, sand, or other 

soil to be removed, be- 
ing turned up by the 

lip of the cutter, enters 

the cylinder, the valve, 

whilst the mizer is fil- 
ling, resting against a 
'^■*°- atop. After the mizer 

is charged, which can be ascertained by 
placing a mark upon the last rod at snr- j 
face and noting its progress downwards, 
the rods are reversed and turned once or twice in a backward 
direction; this forces the valve over the opening and retains the 
soil safely in the tool. 





. Pig. 4a. Fig,« 
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Fig. 44 is a pot mizer occasionally used in such soils as clay 
mixed with pebbles ; there is no yalve, as the soil is forced 

upwards by the worm on the outside, and falls 
over the edge into the cone. 

Mizers are fastened to the rods by means of 
the box joint, shown in Figs. 41 to 43, as a screw 
joint would come apart on reversing. 

As many as five or six different sized mizers, 
ranging from 1 foot 6 inches to 9 feet in dia- 
meter, can be used successiyely, the smallest 
commencing the excavation, and the larger ones 
enlarging it until it is of the requisite size. 

As an accessory, a picker, shown by the three 
views. Figs. 45 to 47, Fig. 46 indicating its 
correct position when in operation, is employed 
where the strata is too irregular or compact to 
be effectually cleared away by the cutter of the 




Fig. 44. 
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Figs. 45, 46, 47. 



mizer. The picker is fixed upon the same rods above the 



niseF, and is nsed sinraltaneooBly, being niaed and lowered 
with that tool. 

The catting end of tiie picker is frequently replaced by a 
Boratoher, Figs. 18, 49. This naeful tool rakes of acratches 
np the dStrig thrown by the mizer 
beyond its own working range, and 
oansea it to aconmolate in the 
centre of the sinking, where it is 
i^ain snbjected to the action of the 
mizer. 

Brick steining is executed either 
in bricks laid dry or in cement, in 
ordinary clay 9-inoh work being 
osed for lai^ wells, and half-brick, 
or 4^inch work, for small wells. 





Pigs, 50 and 51 show the method of laying for 9-inch work, 
and Fig. 52 for 4^ inches. The bricks are laid flat, breaking 
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joist ; and to keep out moderate land-springs clay, puddle, or 
concrete is introduced at the back of tbe steining ; for moEt 
purpoBee concrete is the best, as, in addition to its imperrionn 
character, it adds greatly to tbe strength of the staining. A 




ring or two of brickwork in cement is often introduced at 
intervals, varying from 6 feet to 12 feet apart, to strengtben 
the shaft, and facilitate the constmction of tbe well. 

Too much care eannot bo beatowed upon tbe steining; if 
properly executed it will effectually exclude all objectionable 
infiltration, but badly made, it may prove a permanent source 
of trouble and annoyance. Half tbe wells condemned on 
account of sew^a contamination really fail because of bad 
steining. 
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CHAPTER V. 
WELL BORING. 

The first method of well bormg known in Europe is that 
called the Chinese, in which a chisel suspended hy a rope and 
surrounded by a tube of a few feet in length, is worked up 
and down by means of a spring-pole or lever at the surface. 
The twisting and untwisting of the rope prevents the chisel 
from always striking in the same place ; and by its continued 
blows the rock is pounded and broken. The chisel is withdrawn 
occasionally, and a bucket or shell-pump is lowered, having a 
hinged valve at the bottom opening upwards, so that a quantity 
of the d^nis becomes enclosed in the bucket, and is then drawn 
up by it to the surface ; the lowering of the bucket is repeated 
until the hole is cleaned, and the chisel is then put to work 
again. 

Fig. 53 is of an apparatus, on the Chinese system, which 
may be used either for hemp-rope or wire-rope, and which was 
originally made for hoop-iron. At A, Fig. 53, is represented 
a log of oak wood, which is set perpendicularly so deep in the 
ground as to penetrate the loose gravel and pass a little into 
the rock, and stand firm in its place ; it is well rammed with 
gravel and the ground levelled so that the butt of the log is 
flush with the surfjooe of the ground, or a few feet below. 
Through this log, which may be, according to the depth of 
loose ground, from 5 feet to 30 feet long, a vertical hole is bored 
by an auger of a diameter equal to that of the intended boring 
in the rock. On the top of the ground, on one side of the hole, 
is a windlass whose drum is 5 feet in diameter, and the cog- 
wheel which drives it 6 feet ; the pinion on the crank axle is 
6 inches. This windlass serves for hoisting the spindle or drill 
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and IB of a. large diameter, in order to prevent short bends in 
tho iron, which would Boon make it brittle. 

In all caseB wbai'Q iron, either hoop-iron or wire-rope, is iiBed, 
the diameter of the drum of th« windlasB used must be sufficiently 
large to prevent perma- 
nent bend in tho iron. On 
the opposite s'de of the 
windlass B a lever of un 
equal leverage about one- 
th rd at the s de of the 
hole and two thirds at the 
opposite 8 de where jt ends 
lu a cross or broad end 
when men d the work 
The workmen with one 
foot on a bench or plat- 
form, rest the r hands on 
a ra 1 Dg and nork with 
ihe other foot tho long 
end of the lever In tbiB 
way the whole weight of 
the men is made use of 
Tho lift of the bore-bit is 
from 10 to 12 inches, which 
causes tho men to work 
the treadle from 20 to 24 
"*'■"' inches high. Below tlie 

treadle, T, is a spring-pole, 8, fastened under the platform on 
which the men stand ; the end of this spring-polo is connected 
by a link to the working ond of the lever, or to the rope 
directly, and pulls the treadle down. When the bore-spindle 
is raised by means of the treadle, the spring-pole imparts to it 
a sudden return, and inoreases by these means the velocity of 
the bit, and consequently that of the stroke downwards. 

This method has boon generally disused, iron or wood rods 
eiibstitutcd in the place of the rope, and a variety of angers and 
chisels instead of the simple chisel, with appliances for clear- 
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ing the bore-hole of dehrig. Figa. 54 to 60 ehow eiamples of 
an ordinary set of WQll-bormg toole. Fig, 56 is a flat chisel ; 
Fig. 67 a V chisel ; and Fig. 58 a T chieol. The flat chisel 
is for cutting up and loosening gravel and minerals that caanot 
be cnt by the auger, the V and T chiaels are for cutting into 
sandstone, limoBtone or other rock. These ohisols are mado 
from wrought iron, and when small are usually 18 inches long, 
2i^ inches extreme breadth, and weigh some if; lb. ; the cut- 
ting edge being faced with the best steel. They are used for hard 
rocks, and whilst in operation need carefully watching that they 
may be removed and fresh tools substituted when their sides are 
sufficiently worn to diminish their breadth. If this circumstance 
is not attended to, the size of the ihole decreases, so that when a 
new chisel of the proper sizo is introduced it will not pQRS down 
to the bottom of the hole, and much unnecessary delay is 
occasioned in enlarging it. In working with the chigel, the 
borer keeps the tiller, or handles, in both hands, one hand being 
placed upon each handle, and moves' slowly round the bore, in 
order to prevent the chisel from falling twice, successively, in 
the same place, and thus preserves the bore circular. Every 
time a fresh chisel is lowered to the bottom it should be worked 
round in the hole, to test whether it is its proper size aud shape • 
if this is not the case the chisel most be raised at once and 
worked gradnally and carefully until the hole is as it should be. 
The description of strata being cut by the chisel can be ascer- 
tained with considerable accuracy by a skilful workman from 
the character of the shock transmitted to the rods. 

When working in sandstone there is no adhesion of the rock 
to the chisel when drawn to the surface, but with clays the con- 
trary is the case. Should the stratum bo very hard, the chisel 
may be worn and blunt before cutting three-quarters of an inch, 
it must therefore he raised to the surface and frequently 
examined; however, 7 or 8 inches may bo bored without 
eiamiuation, should the nature of the stratum allow of such 
progress being made. 

Ground angers, Figs, 54, 55, and 60, arc similar in action to 
UiosQ used for boring woodj but differ in shape and construe- 
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tion. The common earth or clay anger, Fig. 61, is 8 feet in 
length, having the lower two^thirds oy lindrical. The bottom is 
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partiallf cloaed by the lips, and 

there is an opening a little np 

one Bido for the admiBBion of 

soft or bmised material. Angers 

arc ool; used for penetrating soft rook, 

clay, and sand ; and their shape is 

varied to suit the nature of the strata 

traversed, being open and cylindrical 

for clays hBTing a certain degree of 

cobosion, conical, and sometimes closed, 

in qniokBands. Augers are sometimes 

made as long as 10 feet, and are then 

very effectiTe if the stratum is soft 
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eaongk to permit of their we. The shell is made from 3 feet 
to 3i feet in length, of nearly the same shape as the common 
anger, aometimeB closed to tiie bottom. Fig. 60, or with an 
anger nose, IHg. 55 ; in either ease there is a clack or Talve 
placed inside at the foot for the purpose of retaining borings of 
a soft nature or preventing them from being washed ont in a 
wet hole. Fig. 63 shows a wad- 
hook for withdrawing stones, and 
Fig. 62 a worm-auger. 

The Crow's Foot, Fig. 59, is 
nsed when the boring-rods have 
broken in the bore-hole, for the 
purpose of extracting that por- 
tion remaining in the hole ; it is 
the same length, and at the foot 
the same breadth as the chisels. 
When the rods have broken, the 
part above the fractnre is drawn 
out of the bore-hole and the 
crow's foot screwed on in place of ' 

the broken piece ; when this is lowered 
down upon the broken rod, by careful 
twisting the toe is caused to grip the 
broken piece with sufBoient force to 
FigfcBi, »x M. allow the portion below the fracture to 
be drawn ont of the bore-hole. A rough expedient is to fasten 
a metal ring to a rope and lower it over the broken rod, when 
the rod cants the ring, and thus gives it a considerable grip ; 
this is often very snccessfnl. Fig. 61 is a worm nsed for the 
same purpose, A bell-box, Fig. 64, is frequently employed for 
drawing broken rods ; it has two palls fixed at the top of the 
box, which rise and permit the end of the rod to pass when the 
box is lowered, hut upon raising it the palls f^U and grip the 
rod firmly. The action of these palls is' rendered more certain 
if they are arranged with flat springs pressing upon their apper 
surface, A spiral angolar worm, similar to Fig, 61, is ^so 
applied for withdrawing tubes. 
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Of theaa withdrawing tools the crow is the safest and best, 
aa it may be used without that intelligent euperrision and caro 
absolutely nocoasary with the worms and wad-hooks, or the 
bell -bos. 

The boring-roda {Figs. 65, 66) are in 3, 6, 10, 15, or 20 feet 
lengths, of wrought iron, preferably Swedish, and are made of 
wording to the depth of the hole 
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for which they are required ; they are generally 1 inch square 
in section : at one end is a male and at the other end a female 
screw for the purpose of connecting them together. The screw 

should not have fewer than six threads. 
r - T ^ One of the sides of the female screw 
Ij— ^ frequently splits and allowe the male 

^^ screw to be drawn out, thus leaving the 

rods in the hole. By constant wear, 
also, the screw may have its thread eo 
worn as to become liable to slip. 
Common rods, being most liable to acci- 
dent, should be carefully examined 
every time they are ilrawn out of the 
bore-hole, as an unobserved failure may 
occasion much inconvenience, and oven 
Fig-BT. the loss of the bor«-hole. In addition Fig.6». 
to the ordimiry rods there are short 
pieces, varying from 6 inchee to 2 feet in length, which are 
fixed to the top, as required, for adjusting the rods at a 
convenient height. 

Fig. 67 is a hand-dog ; Figs. 66 and 69, a lifting dog j Fig. 70, 
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the tillers or handles by which the workmen impart a rotary 
motion to the tools* The tillers are clamped to the topmost 

Fig. 10, 




boring-rod at a convenient height for working. Fig. 65, a 

top rod with shackle. TVliile the rods are sustained by 

the rope it allows them to torn freely. Fig. 71, 

a spring-hook for raising and lowering tools, rods, 

or pipes. It is spliced to a rope. When in use 

this should be frequently examined and kept in 

repair. 

Lining tubes are employed to prevent the bore- 
hole falling in through the lateral swelling of clay 
strata, or when passing through running sand. 
The tubes are usually of iron, of good quality, soft, 
easily bent, and capable of sustaining an indent 
without fracture. Inferior tubes occasion grave 
and costly accidents, which are frequently irre- 
parable, as a single bad tube may endanger the success of an 
entire boring. 

Fig. Y2. 




Fig. 71. 
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Figs. 73 and 74. 

Wrought-iron tubes with screwed flush joints. Fig. 72, are 
to be recommended, but they are supplied brazed, Fig. 73, or 
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riveted, Fig. 74, and can be fitted with steel driTing collars and 
shoes. CaBt-iron tabes, Fig. 217, p. 161, ate oonstautlj applied ; 
thef Hhonld have tamed ends with nronght-irou collars and 
coontersunk screws. Care must be taken vrith socketed lining 
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F!g.i>. Fig. 19. fig.n. 

tubes to screw them together nntil they 
hntt in the centre of the socket, bo as to 
remove ail strain on the screw threads 
during the process of driving. 

Cold-drawn wroaght-iron tnbee have 
been used, and are very effective as well 
as easily applied, bat their relative!; 
high cost occasions their application to be 
limited. 

^' ''' Fig. 76 shows a stod-hlock, which is used 

for sospending tabing either for putting it down or for drawing 
it up. It oonsists of a block made to fit inside the end of the tube, 
and attached to the rods in the asaal way. In the side of the 
block is fixed an iron stad for slipping into a slot, similar to a 
bayonet joint, cat in the end of the tube, so that it may be thus 
sospended. Figs. 76 and 77, 78, show various forms of spring- 
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dartei, and Fig. 79 a pipe-dog, for the same purpose. Sometimes 
a conical plug, with a screw cut around the outside for tighten- 
ing itself in the upper end of the tube, is used for raising 




Fig. 80. 



Fig. 81. 
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Fig. 82. 



and lowering tubing. Figs. 80 and 81 are of tube clamps, 
and Fig. 83 tongs for screwing up the tubes. Fig. 82 is of 
an ordinary form of sinker's bucket. 



m 




Fig. 83. 

Fig. 84 is a pipe-dolly, used for driving the lining tubes ; the 
figure shows it in position ready for driving. 

When a projection in the bore-hole obstructs the downward 
course of the lining tubes, the hole can be enlarged below the 
pipes by means of a rimer. Fig. 85. It consists of an iron 
shank, to which two thin strips are bolted, bowed out into the 
form of a drawing pen. The rimer is screwed on to the boring- 
rods, and forced down through the pipes ; when below the last 
length of pipe the rimer expands, and can then be turned 
round, which has the effect of scraping the sides and enlarging 
that portion of the hole subject to its operation. Fig. 86 is of 
an improved form of rimer, termed a riming spring. It will be 
seen that this instrument is much stronger than the ordinary 
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rimer, in consequence of the shank being extended throngh its 
entire length, thns rendering the scraping action of the bowa 
very effective, whilst the slot at the foot of the bow permits of 
its introduction into, and withdrawal f^m, the tabing. Some 
means of suspending the tackle from which the rods are hung 
and also of obtaining a lift for them must be provided. Tri- 
angle gyns are sufficient for light work, whilst for that of a 



heavier character shears, derricks, or masBive sheer-frames are 
reqaisite. Fig. 87 is a very good form of iron gyn for boring ; 
it is of wTonght-irou, and is fitted with a geared windlass. 

In England, for small works, the entire boring apparatus is 
freqnently arranged as in Fig. 88, the tool being fixed at the 
end of the wronght>-iron rods instead of at the end of a rope, as 
in the Chinese method. Beferring to Fig. 88, A is the boring 
tool ; B the rod to which the tool is attached ; U D the levers 
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by which the men E E giye a oironlar or rotating motion to the 
tool; F, chain for attaching the boring apparatus to the pole G, 




Fig 87. 
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which is fixed at H, and hy its means the man at I transmits a 
Tortioal motion to the boring tool when this is necossary. 
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The sheer-legs, made of sonnd Norway spars not less than 
8 inches diameter at the bottom, are placed over the bore-hole 
for the pnrpose of sapporting the tackle E E for drawing the 
rods out of or lowering them into the hole, when it is advisable 
to dean out the hole or renew the chisel. It is obvions that the 
more frequently it is necessary to break the joints in drawing 
and lowering the rods, the more time will be occupied in 
changing the chisels, or in each cleaning of the hole, and as 
the depth of the hole increases the more tedious will the opera- 
tion be. It therefore becomes of much importance that the 
rods should be drawn and lowered as quickly as possible, and 
to attain this end as long lengths as practicable should be 
drawn at each lift. The length of the lift or off-take, as it is 
termed, depending altogether upon the height of the lifting 
tackle above the top of the bore-hole, the length of the sheer- 
llBgs for a hole of any considerable depth should not be less 
than 80 to 40 feet ; and they usually stand over a small pit or 
sur&ce-well, which may be sunk, where the clay or gravel is 
dry, to a depth of 20 or 80 feet. From the bottom of this pit 
the bore-hole may be commenced, and here will be stationed 
the man who has charge of the bore-hole while working the 
rods. 

Fig. 89 is of another plan of commencing a boring. Here 
a, a are foot-blocks for the legs of the gyn, h the rope shackle, 
c d staging, e guide block. A pit is sunk 10 or 12 feet in the 
clear, when lined with timber or masonry, and below this a 
smaller pit 6 feet square, and 5 feet deep, also lined. Above 
these the sheer-legs are erected so that the rope when passed 
round the wheel at top may hang over the centre of the pits. 
The top of the lower part has to be covered, all except a gap 
of 9 inches in the centre, with loose planks to form a stage ; 
the two middle planks should be from 3 inches to 4 inches 
thick, as they may have to carry an auger board, and sustain 
the whole weight of the rods. 

The arrangement. Fig. 90, is intended for either deep or diffi- 
cult boring with rods. A regular scaffolding is erected, upon 
which a platform is built. The boring chisel A is, as in the last 
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bonng tool, is passed a few times round the drum of a windlass 
G, the end of the ropo being held by a man at I. When the 
htuuUes are tttrncd hj the men at L L the man at I pnlls at 
the rope, the friction between the rope and the drum of the 
windlass is then sufficient to raise the rods and boring tool, bnt 
as BODD as the tool has been raised to its intended height the 
mtax at I slackens his hold upon the ropo, and as there is iusnf- 
fieieat friction on the drum to sustain the weight of the boring 
tools, they fall. By b repetition of this operation the well is 
bored, and after it has heea continued a sufBcient length of 
time the tiller is onscrcwed, and a liftliig-dog, attached to the 
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rope from the wiiidlaSB, draws up the rnde as far as the height 
of the ecafToldiog or eheer-legs will elIIow, when a man at E, 
Fig. 90, by paBsing a hand-dog or a key npon the top of the rod 
under the lowest joint drawn abore the top of the hole, takes 
the weight of the rode at this joint, the men at L having lowered 
the rods for this purpose; with another key the rods arc nn- 
Bcrewed at this joint, the rope is lowered again, the lifting-d(^ 
put over the tod, another rod screwed on, the rods lifted, 
and the process cootinued until the chisol is drawn irotn the 
hole and replaced by another, or, if necessary, replaced by some 
other tool. 

Sometimes if the hole is very dry, a little water poured 
down assists the work, but care is necessary if the hole is still 
tmpiped, not to wash away the sides. 

When a deep boring is undertaken, direct from the surface, 
the operation had best be conducted with the aid of a boring 
Bhecr-frame such as is shown in the frontispiece. This consists 
of a iramework of timber balks, upon which are erected four 
standards, 27 feet in height, and 9 inches x 1 foot thick, 3 feet 
8 inches apart at bottom, and 1 foot 2 inches at top, as soon in 
the front and rear elevations. The standards are tied by means 
of crose-pieccs, npon which shoulders are cut which fit into 
mortise holes, and are fastened by means of wooden keys, the 
standards being surmounted by two head-pieces 5 feet long, 
mortised and fitted. Upon the head-pieces two iniiependent 
cast-iron guide pulleys are arranged in bearings^ over these 
pulleys are led the ends of two ropes coiling in opposite direc- 
tions upon tbe barrel of a windlass moved by spur gearing, and 
having a ratchet stop attached to a pair of diagonal timbers, con- 
nected with tho left-band legs or standards of the sheers, near 
the ground. Those ropes are used for raising or lowering the 
len^^B of tho boring rod. 

Eight feet below tho bearings of the top pulleys, a pair of 
horizontal traverses are fixed across the frame, supporting 
smaller pulleys, mounted on a oast-iron frame, trhicb is capable 
of motion between horizontal wooden slides. Over these 
pulleys is led a rope from a plain windlass fixed to the right- 
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hand legs of the firune, to be used for raising or lowering the 
shell to extract the dAria or rubbish from the hole. 

The leyer, 15 feet loog, and 9 inches x 6 inches in section, is 
supported by an independent timber frame. It has a cast-iron 
cap, &stened by means of two iron straps, cast with lugs through 
which bolts are passed, these being tightened with nuts in 
the ordinary manner. The bearing pins at a are 1^ inch in 
diameter, and also form part of the lower strap. Upon the cap 
is an iron hook, to this a chain is attached carrying a spring- 
hook which bears the top shackle of the rods. The top of the 
borehole is surrounded by a wooden tube 1 foot in diameter 
and surrounded by a hinged valve, whose action is similar to 
that of a clack-valve; this has a hole in the centre for the 
rods to pass up and down freely. The valve permits of the 
introduction and withdrawal of the tools, and at the same time 
prevents anything from above fedling into the borehole. 

The lever is applied by pressure upon its outer end, and as 
the relation of the long to the short arm is as 4 to 1, a depression 
of 2 feet in the one case produces an elevation of 6 inches in 
the other, the minimum range of action, the maximum being 
26 inches. 

With the sheer-frame the boring tools are worked in the 
same manner as in the preceding arrangements. Figs. 88, 90 ; 
but its portability, compactness, and adaptation of means to the 
required end, render its use desirable wherever it is possible to 
obtain it. 

When in the progress of the work it is found that the auger 
does not go down to the depth from which it was withdrawn, 
after trial, tubing will generally be necessary. The hole should 
be enlarged from the surface, or, if not very deep, commenced 
afrresh from the surface with a large auger, and run down to 
nearly the same depth ; the first length of tube is then driven 
into the hole, and when this is effected, another tube, having 
similar dimensions to the first, is screwed into its upper end, and 
the driving repeated, and so on until a sufficient number of 
pipes have been used to reach to the bottom of the hole. If the 
ordinary auger is now introduced through these tubes it wiU 
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have free access to tbe claj' or sand, and after 

a few feet deeper have been bored another 

pipe may be screwed on, and the whole driven 

further down. In this way from 10 to 20 feet 

f Boft stratum may be bored through. If the 

i thicknesB of the surface clay or sand is con- 

: eideiable, the method here mentioned will not 

be efTectivo, as the friction of the pipeB, caused 

by the pressure of the strata, will be so great 

that perhaps not more than 80 or 100 feet can 

be driven without the pipes being injured. 

It will then bo necessary to put down the 

I first part of the borehole with a large augeri 

' and drive in pipes of larger diameter ; the 

e is continued of smaller diameter, and 

! lined with Bmaller tubes projecting beyond 

ife "~J '^^ ^''^^ tubes, as in "Pig, 91, until the 

g-^^Ss neceBsity fur their use ceases. 

It will be evident that to ensure success 
the tubing, whatever it is made of, sboald be 
as truly cylindrical as possible, straight, and 
Qush surface, both outside and in. It will 
also be evident that in thus joining pieces of 
tubing together, the thickness ongbt to have 
a due proportion to the work ret^uired, and 
the force likely to he used in screwing or 
driving them down. The first or bottom pipe 
is furnished with a steel shoe, having a chisel 
edge servizig, to trim the hole and cut a 
passage for the sockets of the tubing to pass 
freely. The first length of pipe is raised by 
means of a pipe hanger, and lowered into the 
borehole until its top reaches within 1 foot 
of the bottom of the jiit; here a pair of 
pipe-clamps are securely fastened round it a 
few inches above the thread, and then the 
pipe is lowered until the clamps rest npou the 
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boud BiiRoimding the top of the bole. The hanger is removed 
and serewed on to a firesh length of tabing, and this in its turn 
lowered and sorewed quite home, nntil the two pipes butt 
together. The tillers being taken ofi^ the whole length of 
tabing is raised a few inches and suspended whilst the clamps 
are remoyed from the lower part. There are now two lengths 
of pipe; they are allowed to descend as before ; when they are 
sufficientlj deep the clamps are reapplied, and the operation 
repeated with each length screwed on. 

Each joint should be oiled and screwed together with white 
or red lead : spun yam is not needed. Every socket must be 
removed and screwed on again with red lead before being 
attached to a firesh pipe. 

While being lowered the pipes are turned, particularly when 
they begin to hang up, in order that the steel shoe may remove 
any projections in the borehole. When the pipes have been 
lowered to the necessary distance, and the pipe-clamps screwed 
on to secure them from slipping, boring can be resumed with 
the smaller sized boring tools, aiter lowering the shell to bring 
up any dSbris caused through lowering the tubing. 

When it is necessary to get the tubing lower and it will 
not go down freely, the rimer. Fig. 85, may be employed if the 
stratum is not too hard for them to cut. It is screwed on to the 
bottom rody and as the springs measure the outside diameter of 
the tubing, they require to be pressed so as to force them 
through, although when once well in the pipes the weight of 
the rods should be sufiGicient to carry them down. As soon as 
the springs are below the lowest length of pipe, they expand to 
their full size, and by turning the rods until the springs work . 
quite freely, and lowering the rimer a little as they are freed, 
the hole below the tubing can then be cut out as wide as is 
necessary. 

When the rimer has been withdrawn, the pipes are attached 
and lowered as before. It will be observed that using the 
rimer is an operation requiring great care and attention. 

In the manner detailed above, the tubing should be turned as 
long as it will move before resorting to driving. It is desir- 
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able to QBe all the longer lengths of pipe first, reserving the 
shorter lengths to the lost, when the tubing will he going down 
more slowly than at the first, A long length standing up, at a 
time when it is necessary to lower tools for clearing or 
enlarging below the tnbing, may seriously obstruct the work. 
Sometimes a short length of pipe may be used temporarily with 
advantage, a few feet of the descent proceeded with, and then a 
longer length can be suhstitated oa soon aa the boring has 
proceeded snffieiently for a further lowering of the pipes. 
Wrought-iron tubes, when driven, must be worked carefully, by 
moans of a ring made of wrought-iron, from li to 2 inches 
in height, and J inch thick, iind of the form shown in Fig. 92 ; 
or driven with a pipe dolly such aa that in Fig. 8*1. The ring, 
or the dolly, is screwed into the lowermost boring-rod and 
worked at the same rate and in a similar manner to the chisel, 
doe regard being had to the depth at which the driving is being 
done, as the weight of the boring-ioda will materially affect the 
strength of the blow delivered. Cast-iron tubing may be driyen 
hard with a monkey, or forced down by screw-jacks or hydraulic 
pressure by the methods illustrated in Figs. 218, 221. 

To withdraw broken or defective tubing ciniekly, two hooka 
attached to ropes are lowered down from opposite sides of the 
borehole, caught on the rim of the lowermost tube, and power 
applied to haul the tubing up bodily. 

Figs. 93 to 97 show good methods of forming tube or pipe 
joints both in cast and wrought iron, when not screwed. 

P. S. Keid, an English mining engineer, gives the following 
instance of replacing defective tnbing in a boring which had 
been pursued to the depth of 582^ feet, but which, owing 
to circnmatancea which were difficult to determine, had become 
very expensive, and made slow progress. 

The 682^ feet hod been bored entirely by manual labour ; 
but Beid recommended the erection of a horse-gyn in which the 
power was applied to a 40-inch drum placed upon a vertical 
axle, the arms of which admitted of applying two horses, and 
men at pleasure, the power gained being in the proportion 
«f one to ten at the starting-point for the horses. 
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XTpon the upright dram a double-ended chain was attached, 
which worked from sheer-legs erected immediately over the 
hole, so as to attain an off-take for the rods of 60 foct, and so 




Fig. 95. 



Fig. 93. 



Fig.W. 





Fig. 92. 



Fig. 96. 



Fig. 97. 



as that, in the act of raising or lowering, there might always be 
one end of the chain in the bottom, ready to be attached, and 
expedite the work as mnch as possible. 

These arrangements being made, it was soon found that 
there was a defect in the tubing which was inserted to the depth 
of 109 feet, and the defect was so serious, in permitting the sand 
to descend and be again brought up with the boring tools, as to 
render jLt very difficult to tell in what strata they really were ; 
this increased to such a degree as to cause the silting up of the 
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hole in a single night to the extent of 180 feet, and it occnpied 
nearly a fortnight in clearing the hole out again. 

On carefully examining into thie defect, it appeared that the 
water rose in the hole to the depth of 74 feet from the surface ; 
and that at thia point it was about level with the high-water 
mark on the river Tees, about two miles distant, with which it 
was no doubt connected by means of permeable beds, extending 
from the arenaceons atratn at a depth of 100 feet. 

On commencing to bore, the motion of the rods in the hole 
caused the vibration of the water between a range of 40 feet at 
the bottom of the tubing, and so disturbed the quiescent sand as 
to cauBo it t« run down through the faults in the lower end of 
the tubing. 

This tubing was made of galvanised iron plates, riveted 
together and soldered ; at the top of the hole it was in three 
concentric circles which had been screwed and forced down 
Baccessively until an obstacle was met with at three different 
places. So eoon as the outer circle reached the first depth, all 
hope appears to have vanished, from those who bored the 
earlier part of the work, of getting the tube farther ; a second 
tube was, therefore, inserted, which seems to have advanced as 
far as the second obstacle, where it, in its turn, was abandoned ; 
and a third one advanced until it rested in the strata at the 
lower part of the lias freestone of a blue nature, as found on 
the rocks at Scatun Garew, and in the bed of the Leven, 
near Hntton Budby. The diameter of the first tubing was 
3^ inches external and 3^ inches internal ; the second tube 
was 3^ inches external, and 3 inches internal diameter ; and 
the third tube was 2| inches external and 2^ inches internal 
diameter. 

Such being the account gathered from the workmen who 
superintended the earlier part of the boring, it became necessary 
to decide upon the best course to remedy the evil. At first sight 
it would have appeared easy enough to have caught the lower 
end of the tubes by means of a. fish-head properly contrived, and 
thus to have lifted them out of the hole, and replaced thorn 
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with a perfect tube, Bucb aen gna-tube, with fancot screw jointe; 
bnt, on attempting this, it soon became evident tliat however 
good the tubing wbicb miglit ha-re been adopted, it would be a 
work of tbe greatest diflicnlty to extract wben once it was 
regubtrlj fixed and jammed into its place hj the tenacious 
clayey strnta surrounding it ; and the difficulty of eitracting it, 
in the present case, was even enLancod by the inferior quality 
and make of the tubing ; in short, that, unless by crumpling it 
up in such a manner as to destroy the bole, it was impossible to 
extract this tubing by maiu force. 

There was, therefore, no other choice left but to attempt 
cutting it out, inch by inch ; though before doing so, force was 
applied to the bottom of the tubing, to the extent of upwards of 
30 tons, the only result being the loss of several pieces of steel 
down the hole, which had to be brought up with a powerful 
magnet. 

After much mature consideration and contrivance, it was 
determined to order snoh tubing as would at the same time 
present as little obstruction as possible to the clay to be passed 
throngh on the outside, as well as surround the largest of the 
tliree tubes then in the hole, and present no obstacle to their 
being withdrawn through its interior. 

These tubes were made 12 feet in length, flush outside and 
in, the lower portion being steeled for 6 inches from the 
bottom end, so as to cut its way and follow down the apace, and 
cover that exposed by the old tubes when cut and drawn, as 
shown in Fig. 98. 

In order to commence operations, and avoid too much clay 
going down to the bottom of the bole, a straw-plug was tirmly 
fixed in the lias portion of the hole. The lower portion of the 
new tubes was then screwed arotmd the old ones by means of 
powerful clamps, attached to the exterior in such a manner as to 
avoid injuring the surface ; and when they could be screwed no 
farther, the knife or cutter. Figs. 98 to 100, was introduced inside 
the old tubing. Some force was needed to get this knife down 
into the tubing, but the spring a giving so as to accununodate 
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tnbiiigs, leaTing the new ones firmly bedded into the lias, 
112 feet £rom the surface, and the hole was subsequently 
bared to a depth of 710 feet in the new red sandstone, pro- 
ceeding at the rate of abont 3 feet in the twelve hours, and 
leaving the hole so as, if requisite, it might be widened out to 
4 inches diameter. Fig. 98 shows the action of the knife and 
spzing-cutter when forced down into the tubing, ready to com- 
mence cutting. It also shows the lower end of the new tubing, 
enclosing the others at the commencement of the work. The 
joints of the new tubes were made by means of a half-lap screw. 
Fig. 100 is a back view of the knife or cutter 6. Fig. 99 shows 
the action of the spring and cutter when the requisite length is 
eat through and ready for lifting ; the position of the tube being 
maintained perpendicular, or nearly so, by the ball or thicken- 
ing on the rods at K, and the lower end of the tube being sup- 
ported by the projecting steel cutter at 6, the dotted lines from d 
showing the position of the new steel-ended tube when screwed 
down ready for another operation. In boring deeper after the 
tubes were removed, three wooden blocks were used round the 
rods in the new tube to keep them plumb. 

A more effective method of cutting out lining tubes is that 
practised in the United States. This consists in lowering into 
the borehole an expanding cutter-head, in which the circular 
cutters are first tightened, and then put into action by turning 
the boring-rods at surface. 

To reduce the stoppages for the withdrawal of d^ia the 
system of Fauvelle was introduced, but it is now very little 
practised on the Continent, and not at all in Great Britain. 
The principles upon which it was founded were : first, that the 
motion given to the tool in rotation was simply derived from 
the resistance that a rope would oppose to an efibrt of torsion ; 
and therefore that the limits of application of the system were 
only such as would provide that the tool should be safely acted 
upon ; and, secondly, that the injection of a current of water 
descending through a central tube, should wash out the dSbris 
created by the cutting tool at the bottom. The difficulties 
attending the removal of the debris were great ; and though 
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tho system of Fanvelle answered tolerably well when applied 
to bIihUow borings, it was found to be attended with such 
disad vantages when applied an a large scale, that it has been 
generally abandoned. The quantity of water required to keep 
the boring tool clear is a gr^at objection to the introduction 
of this system, especially as in the majority of caaes Artesian 
wells are sunk in such places as are deprived of the advantage 
of a large supply. 

In the ordinary system of well boring, innumerable break- 
ages and delays occur when a boring is required to be carried to 
any depth eiceeding 200 or iiOO feet, owing to the buckling of 
the rods, tho crystallisatioa of tho iron by the constant jarring 
at each blow, and particularly the increased weight of the rods 
as tho bole gets deeper. It follows from this, that where the 
excavation is very deep, there is considerable difficulty in trans- 
mitting the blow of the tool, in consequence of the vibration 
prodaoed in the long rods, or in consequence of the torsion ; 
and, for the same reason, there is a danger of the blows not 
being equally delivered at the bottom. It has been attempted 
to obviate this difSculty, but without much success, by the use 
of hollow ruds, presenting greater sectional area than was abso- 
lutely necessary for tho particular case, in order to increase their 
lateral resistance to tho blows tending to produce vibration. 

Boring is usually executed by contract. Tho approximate 
average cost in England may bo taken at 1«. 3d. a foot for tho 
first 30 feet ; 2s. Gd. a foot fox the second 30 feet ; and continue 
in arithmetical progression, advancing Is. 3d. a foot for every 
additional 30 feet in depth. This does not include the cost of 
tubing, convoyanee of plant and tools, professional superintend- 
ence, or working in rock of unusual hardness, such as hard 
limestone and whinstono. A. clause is usually inserted in the 
contract, to the effect that, if any unforeseen difficulty is met 
with in the course of tho work, it is then paid lor by the day, 
at a rate previously dotermiiied upon, until the difSculty bas 
been overcome. 
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CHAPTEB VI. 



THE TUBE WELK 

Thib well consists of a hollow wronght-iron tube about 1| inch 

diameter, composed of any number of lengths, each from 3 to 11 

feet, according to the depth required. The water is admitted 

into the tube through a series of holes, which 

extend up the lowest length to a height of 2j^ 

feet from the bottom. Common gas or other 

pipes are of no service for a tube well ; specially 

tough lap-welded tubes are necessary, in order 

to withstand the hammering and vibration to 

which they are subjected. 

The position for a well having been selected, a 
vertical hole is made in the ground with a crow- 
bar to a convenient depth ; the well tube a, having 
the clamp dy monkey c, and pulleys h Fig. 101, . 
previously fixed on it, is inserted into this hole. 

The clamp is then screwed firmly on to the tube 
from 18 inches to 2 feet from the ground, as the 
soil is either difficult or easy to drive in ; the 
bolts being tightened equally, so as not to 
indent the tube. 

The pulleys are next clamped on to the tube at 
a height of about 6 or 7 feet from the ground, the 
ropes from the monkey having been previously 
rove through them. 

The monkey is raised by two men pulling the 
ropes at the same angle. They should stand Fig. loi. 
exactly opposite each other, and work together steadily, so as 
to keep the tube perfectly vertical, and prevent it from swaying 
about while l)eing driven. If the tube shows an inclination to 
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Blope towards one siciB, » rope should be faatoiied to its top and 
kept taut on the opposite aido, so as gradually to bring the 
tube back to tbe vertical. When the men have raised the 
monlcey to within ft few incbes of the pulleys, they lift their 
hands suddenly, thus slackening tbe ropes and olloning the 
monkey to descend with its full weight on to tbe clamp, Tbe 
monkey is steadied by a third man, who also aids to force it 
down at each descent. This man, likewise, from time to time, 
with a pair of pipe-tongs, turns the tube round in tbe ground, 
which assists the process of diiving, particularly when the 
point comes in contact with stones. 

Particular attention must bo paid to the clamp, to see that it 
does not move on tbe tube ; tbe bolts must be tightened up at 
the first appearance of any slipping. 

When tbe clamp has been driven down to tbe ground, the 
monkey is raised off it, the screws of the clamp are slackened, 
and tbe clamp is again screwed to tbe tube, about IS inches or 
2 feet from tbe ground. After this, tbe monkey is lowered on 
to it, and tbe pulleys are then raised until they are again 6 or 
7 feet from the ground. 

The driving is continued until but E or 6 inches of the well 
tube remain above tbe ground, when tbe clamp, monkey, and 
pulleys are removed, and an additional length of tube screwed 
on to that in tbe ground. This is done by first screwing a 
collar on to the tube in the ground, and then screwing the next 
length of tube into the collar, till it butts against the lower 
tube ; a little white-lead must be placed on the threads of tbe 
collar before tbe ends of the tubes are screwed into it. 

The driving can thus be continued untU the well has obtained 
tbe desired depth. Soon after another length has been added, 
tbe upper length should be tamed round a little with the pipe- 
tongs, to tighten tbe joints, which have a tendency to become 
loose from tbe jarring of the monkey. Core must be taken, 
after getting into a water-bearing stratum, not to drive through 
it, owicg to aniiety to got a liirgo supply. From time to time, 
and always before screwing on an additional length of tube, tbo 
wbU should be sounded, by means of a small lead attached to a 
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line, to BaoerUiii the depth of water, if any, aocl character of the 

earth which has penetrated throngh the holes perforated iu the 

lower part of the well tobe. As soon as it appears that the 

well has been driven deep enough, the pnmp is screwed on to 

the top and the water drawn ap. It OBually happens that the 

water is at first thick, and comes iu but small quantities ; but 

after pumping for some little time, as the chamber round the 

bottom of the well becomes enlarged the quantity increases and 

the water becomes clearer. 

When ranking in gravel or clay tbe bottom of the well tnbe 

is liable to become filled up by the material penetrating through 

the boles , and before a snpply of water c»n 

be obtained, this accumulation must be 

remoTod by means of the cleaning pipes 
The cleanmg pipes are of small diametof 

i^-inch externally, and the several lengths arc 

connected together in the same way as tli< 

well tubes, by collars screwing on over tbe 

adjoining ends of the two pipes. 

To clear tbe well, one cleanmg pipe after 

another is lowered into the well, until the 

lower end touches the accumnlation , the pipes 

mnst be held carefally, for if one were to 

drop into the well it would he impossible to 

get it out without drawing the well A pump 

IB then attached to the upper cleaning pipe 

by means of a reducing socket , the lower end 

of the cleanmg pipe is then raised and held 

about au inch above the oooumulation by 

means of the pipe tongs water is next poured 

down the well outside the cleaning pipe, and, _ 

being pumped up throi^h the cleaning pipe, ^=^^ 

bni^ up with it the upper portion of the "'n -^x^^ 

accumulation , the cleaning pipe is gradually 

lowered, and the pumping oontinned until the 

whole of the stuff inside the well tnbe is removed. The pnmp 

is then removed from tbe cleaning pipe, and the cleaning pipes 
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are withdmwn piece by piece ; and finally the pump ie screwed 
on to the upper end of the tube well, Fig. 102, which ie then in 
working order. 

In practice it has been found that when driving in very hard 
strata, immediately the point has penetrated through them the 
driving become quite easy again, 
irrespective of the depth that may 
have been reached. For instance, 
it is oommon for a tnbe to take 
many boors driving through an 
obstruction of 3 feet or 4 feet, met 
with. Bay, at 20 feet or 30 feet 
below the snr&ce, and subsequently 
driving at four times the pace when 
reaching, possibly, double or treble 
the depth. From this fact it is 
quite evident that the first tube, 
with its point, accomplishes the 
whole work of penetration, leaving 
the tnbes that follow practically no 
resistance to overcome. ' Instead, 
therefore, of striking the tube at 
or about the surface, and having 
to transmit the blow through any 
length of pipe, varying according 
to the depth driven, in Lo Grande 
and Sutcliff s arrangement the blow 
. is delivered immediately above the 
point at the bottom of the tube. 
This is accomplished by using 
Fig 103. Fig. iH. BJ> elongated weight, shod with steel 

which passes down the inside of 
the tube. To this weight is attached a long rope, which is 
pulled by hand and allowed to fall, striking upon an even 
surface provided at the top of the bulbous point; this is the 
most simple form of working on this plan, and is shown in 
Fig. 103. Fig. 101 shows a more convenient form of work- 
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ing. A short sheer-legs is arranged so that the head serves as 
a guide for the tnbe, and from this head rise two tubular up- 
rights, to carry a pulley, oyer which the rope travels, and 
which can be worked either by hand or power. One feature 
of this system is that it obviates the risk of bending the tubes 
when they get on to anything hard. This plan of internal 
driving is found to be very applicable for tubes of large 
diameter, as the tackle required is simple and inexpensive; 
it also is useful for driving under a head of water. 

The smallest sized tube wells are advantageous for manu- 
&cturing purposes, for supplying boilers with feed water, not 
only in rural districts, but in towns supplied with waterworks, 
thus saving water rates: many are thus in use for similar 
purposes even in the very heart of London, springs being often 
found to exist in spots when it might have been expected that 
deep sewers had drained away all the land-springs overlying 
the London clay. As it is not uncommon for a 1^-inch tube to 
yield from 500 to 600 gallons an hour, constant pumping, 
contractors in erecting large buildings find them very useful 
for supplying their engines, or for mixing mortar, and on the 
completion of the contracts they are taken up for use else- 
where. 

This feature of being readily transportable from place to 
place renders thepi invaluable for railway contracts, and 
especially so for exploring expeditions. Another use is for 
testing ground to ascertain how deep water lies below the 
surface, to test the quality and quantity obtainable before sink- 
ing larger permanent tube wells. It will readily be seen how 
valuable such a rapid means of obtaining such data becomes, as 
before purchasing land for any purpose the primary question of 
water supply can thus be settled. 

The tube, being very small, is in itself capable of containing 
only a limited supply of water, which would be exhausted 
by a few strokes of the pump ; the condition, therefore, upon 
which these tube wells, in their most primitive form, can be 
effective is that there shall be a free flow of water from the 
outside through the apertures into the lower end of the tube. 

H 2 
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When the stratum in which th* water is found ia very porous, 
iLB in the case of gravel and Bomo aorta of chalk, the water flows 
freely; and a yield has heen obtained in such situations as 
great and rapid as the pump has heon ahle to lift, that is, 600 
gallons an hour. In some other soils, such as saudy loam, the 
yield in itself may not be sufBeiently rapid to supply the 
pump ; in such cases, the effect of constant pumping is to draw 
up with the water from the bottom a good deal of clay and sand, 
and BO gradually to form a reservoir, as it were, around the 
foot of the tube, in which water accumulates when the pump is 
not in action, as is the case in a common well. In dense clays, 
however, of a close and very tenacious character, the American 
tube well is not applicable, as the small perforations become 
scaled, and water will not enter the tube. When the stratum 
reached by driving ia a quicksand, the quantity of saud drawn 
np from the water will be au great that a considerable amount 
will have to be pumped before the water will come up clear. 

When rock, stone, or incompressible clay is met with, a tube 
cannot be driven through it without first making a hole, and 
removing the cores. In some cases, however, there may be 
many feet of loose earth which can be easily driven through ; 
this, eapeeially if gravel has to he passed, is a tedious process. 
The tubes, therefore, may ho fitted with a temporary bard 
woiidon point which will allow them to be driven througli the 
soft earth, and when an obstruction that cannot he penetrated ia 
met, the point is knocked out, and being wood, and in sections, 
it floats to the surface of the water, and leaves an open-ended 
tube, through which ordinary boring tools can be passed to 
chisel and break up the rock. A tube can frequently be driven 
through gravel and clay to a depth of 70 feet in a single day. 
To bore to the same depth in similar stratum frequently takes 
ten days or a fortnight. The saving that may be effected by 
driving through the loose stratum can, therefore, be readily 
appreciated, and, what is still more important, the upper part of 
the tubes are fixed more tightly in the ground than if a boring 
had been made to receive them. In aome cases, however, hanl 
strata come right to the surface, and the boring operations 
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consequently cannot be deferred. When this is the case, instead 
of using a pointed tube, an open-ended steel>shod pipe is 
driyen into the hole as the boring proceeds. As the tools pass 
down the pipe they do not cut so large a hole as the outside 
circumference, and some little trimming down of the sides is 
left for the steel shoe to perform. 

In great depths the single tier of pipes, with which the work 
commenced, cannot be forced the whole way. Tubes, therefore 
of smaller diameter are inserted ; but as, to pump by the tube- 
well method, air-tight joints are absolutely necessary, the final 
tube is continuous from the deep spring to the surface. In 
this way tube wells 300 or 400 feet in length are put down, 
and if the spring, when tapped, rises to the surface, or within, 
say, 25 feet of it, only an ordinary lift-pump is required to 
obtain the supply. Where the water does not rise to the 
required height, a deep-well pump can be lowered into the 
tube well, and worked by rods from the surface. Bored tube 
wolls are frequently put down in sets, and connected by 
horizontal mains, where large supplies are required. 

The system has received much development in the hands of 
Messrs. Le Grand and Sutcliffe, of London, and, instead of being 
serviceable for short depths only, tube wells have been sunk 116 
feet by simple driving, and by a combination of the system 
with ordinary boring-tools to much greater depths with success. 
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CHAPTER VII. 



WELL BORING AT GBEAT DEPTHS. 



Tbe first well that w 
gave rieo to the adoptii 
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■ the 



eieeated of great depth, and which 
of tools which directed pnhlic atten- 
tion to the art of well boring, was that for the city of Porie by 
Mulot, at the Abattoir of Grenelle. This waa conimenoed in 
the year 1832 ; and after more than eight years' inceeaant 
lahour, water rose, on the 2&th of February, 1842, from tho 
total depth of 1798 feet. Subeequent to thie, many wells have 
been sunk on tbe Ooutinent, nith the hope of attaining the 
brine Gprings so often met witli in the Kbine provinces, or tbe 
BjiriiigB deettued for the snpply of towns, and which are even 
deeper than the well of Grenelle, reaching in some cases to the 
eitraordinary depth of 2800 feet; but all of them, like tbe 
Grenelle well, of email diameter. In their construction, bow- 
ever, the German engineers iutroduced some important modifi- 
cations of the tools employed ; and, amongst other invoations, 
Euyenbausen imparted a sliding movement to tbe striking part 
of the tool nsed fur comminuting the rook, so as to fall always 
tbrough a certain distance ; and thus, while be produced a 
uniform action upon the rock at the bottom, be avoided the 
jar of the tools. Kind also began to apply bis system to the 
working of tbe large excavatiouB for the purpose of winning 
coal. 'Whilst tbe art was in this state, and when he bad 
already eieonted Bomo very important works in Germany, 
Belgium, the North of France, Creuzot, andSeraing, the Muni- 
cipal Council of Paris determined to entrust bim with the 
execution of a new well they were about to sink at Passy. 

In sinking tho well of Passy, tho weight of tbe trepan for 
comminuting tho rock was about 1 ton 16 cwt., 1800 kilog, : 
the height through which it foil was about 60 centimetres ; and 
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its diameter was 8 feet 3^ inches, 1 metre. The rods were of 
oak, ahont 8 inches on the side, and the dimensions of the 
cutting tool were limited to 3 feet 3^ inches hecanse it worked 
the whole time in water ; hnt generally the class of borings 
Kind undertook were of such a description as justified resorting 
to tools of great dimensions. When sinking the shafts for 
winning coal, his operations required to be carried on with the 
fall diameters of 10 feet or 14 feet ; and he then drove a boring 
of 3 feet 4 inches diameter in the first instance, and subse- 
quently enlarged this excavation. There can be no objection 
to executing Artesian borings of this diameter other than the 
probable exha]astion of the supply ; particularly as it is now 
known that the yield of water by these methods is propor- 
tionate to the diameter of the column; though, strange as it 
may appear, the first opposition to Kind's plan of sinking the 
well of Passy was founded upon the assumption that he would 
not meet with a larger supply of water from the subcretaceous 
formations than had been met with at Grcnelle, where the dia- 
meter of the boring was at the bottom not more than 8 inches. 
It is now, however, proved that there is a direct gain in adopt- 
ing the larger borings, not only as regards the quantity of 
water to be derived from them, but also in their execution, 
arising from the fact that the tools can be made more secure 
against the effects of torsion or of concussion against the sides 
of the excavation, which is the cause of the most serious 
accidents met with in well sinking. 

The trepan of M. Kind contains some peculiar details, which 
are shown in Figs. 105, 106. The trepan is composed of two 
principal pieces, the frame and the arms, both of wrought-iron, 
with the exception of the teeth of the cutting part, which are of 
cast steel. The frame has at the bottom a series of holes, slightly 
conical, into which the teeth are inserted, and tightly wedged 
up. Fig. 107. These teeth are placed with their cutting edges on 
the longitudinal axis of the frame that receives them ; and at 
the extremity of the frame there are formed two heads, forged 
out of the same piece with the body of the tool, which also 
carries two teeth, placed in the same direction as the others, but 
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double their v^dth, in order to render this part of the tool more 
powerful. By increasing the dimensions of these end teeth, the 

diameter of the boring 
can be augmented, so as 
to compensate for the 
diminution of the clear 
space caused by the 
tubing, necessarily in- 
troduced for security 
in traversing strata dis- 
posed to fall in, or for 
the purpose of allowing 
the water from below to 
escape at an intermediate 
level. 

Above the lower part 
of the frame of the trepan 
is a second piec^ com- 
posed of two parts bolted 
together, and made to 




Fig. 105. 



Fig. 106. 
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Fig. 107. 




support the lower portion of the frame. This part of the 
machinery also carries two teeth at its extremities, which serve 
to guide the tool in its descent, and to work off the asperities left 
by the lower portion of the trepan. Above this, again, are the 
guides of the machinery, properly speaking, consisting of two 
pieces of wrought iron, arranged in the form of a cross, with 
the ends turned up, so as to preserve the machinery perfectly 
vertical in its movements, by pressing against the sides of the 
boring already executed. These pieces are independent of the 
blades of the trepan, and may be moved closer to it or farther 
away from it, as may be desired. The stem and the arms are 
terminated by a single piece of wrought iron, which is joined to 
the frame with a kind of saddle-joint, and is kept in its place by 
means of keys and wedges. The whole of the trepan is finally 
jointed to the great rods that communicate the motion from the 
surface, by means of a screw-coupling, formed below the part of 
the tool which bears the joint ; this arrangement permits the 
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freo fall of the cutting part, and unites the top of the arms and 
frame, and the rod. Fig. 108. It has been proposed to substitute 
for this screw-coupling a keyed joint, in order to avoid ^ 
the inconyenience frequently found to attend the rusting 
of the screw, which often interposes great difficulties in 
cases where it becomes necessary to withdraw the trepan. 
The sliding joint is the part of Euyeuhausen's inven- 
tion most unhesitatingly adopted by Kind, and it is one 
of the peculiarities of his system as contrasted with the \^ 
processes formerly in use. So long as his operations 
were confined to the small dimensions usually adopted for 
Artesian borings, he contented himself with making a ^W- 
description of joint with a free fall ; a simple movement 
of disengagement regulating the height fixed by the ma- 
chinery itself, like the fall of the monkey in a pile-driving 
machine ; but it was found that this system did not answer 4» 
when applied to large borings, and it also presented cer- Fig- 
tain dangers. Kind then, for the larger class of borings, 
availed himself of sliding guides, so contrived as to be equally 
thrown out of gear when the machinery had come to the end of 
the stroke, and maintained in their respective positions by being 
made in two pieces, of which the inner one worked upon slides, 
moving freely in the piece that communicated the motion to the 
striking part of the machinery. The two parts of the tool were 
connected with pins, and with a sliding joint, which, in the 
Passy well, was thrown out of gear by the reaction of the 
column of water above the tool unloosing the click that upheld 
the lower part of the trepan, Figs. 110 to 112. The changes 
thus made in the usual way of releasing the tool, and in guiding 
it in its fall were, however, matters of detail ; they involved no 
new principle in the manner of well boring : and the modern 
authorities upon the subject consider that there was something 
deficient in Kind's system of making the column of water act 
upon a disc by which the click was set in motion. This sys- 
tem, in fact, required the presence of a column of water not 
always to be commanded, especially when the borings had to 
be executed in the carboniferous strata. 
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The rods used for the suspension of tho trepan, and for the 
trnnemiHsion of tho blows to it, were of oak ; and this alone 
would constitute one of the inoGt 
a f^ R /iS characteristic differences between the 

if < \ ■■ in syst'3™ of tools introduced by Kind 

y ^^ in and those made by the majority of 

- ""^ — ' ' - ' "™ fT ^q11 borers, but which, like tlie dis- 
engagement of the tool intended to 
comminute the rock, depended for its 
succesB upon tho boring being filled 
with water. The resistance that the 
wood offers, by its elasticity, to the 
effects of any sudden jar, is also to be 
taken into account in the comparison 
of the lotter with iron, for the iron 
is liable to change its form under the 
influence of this cause. The reaiat- 
anco to an effort of torsion need not, 
however, bo much dwelt on, for the 
Fig. fig. Fig. Fig. turn given to the trepan la always 

"*■ "■ "'* "^' miide when tho tool IB lifted up from 

ita bed. For the purpose of making the rods. Kind recommended 
that straight-grown trees, of the requisite diameter, should be 
selected, rather than they should be made of cut timber, aa 
there is less danger of the wood warping, and the character of 
the wood ia more homogeneoos. He generally used these trees 
in lengths of about 50 feet, a.nd he coimected them at the ends 
with wrought-iron joints, fitting one into the other, Fig, 112. 
The ironwork of the joints is made with a shoulder underneath 
the Bcrew-eoupling, to allow the rods to be suspended by the 
ordinary crow's foot daring the operation of raising or lower- 
ing them. In the worka executed at Passy there was a kind 
of frame erected over the centre of tiie boring, of saf&cient 
height to allow of the rods being withdrawn in two lengths at 
a time, thus producing a considerable economy of time and 
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Nearl; all the processes yet iDtrodaced for removing the pro- 
daots of the excavstion mnst be considered to be, moce or less, 
defectiTe, because all are established on the supposition that 
like comminntisg tool mnst be withdrawn, in order that the shell, 
or other tool intended to remove the products of the working of 
the oomminntor, may be inserted. This remark applies to Kind's 
operations at Passj and elsewhere, ob he removed 
the rock detached from the bottom of the excavation 
by a shell. Figs. 113, 114, which was a modification 
of the tool he invariably employs for this purpose. 
It consisted of a cylinder of wrought iron, suspended 
ttom the rods by a &ame, and fastened to it, a little 
below the centre of gravity, so that the operation of 
upsetting it, when loaded, conlil be easily performed. 
This cylinder was lowered to the level of the last 
workings of the trepan, and the materials already 
detached by that instrument were forced into the 
tool, by the gradual movement of the latter in a ver- 
tical direction. Some other implements, employed 
by £ind for the purpose of removing the products 
of the excavation in the shafts for the coal mines of 
the North of France, were ingenious and well adapted 
to the lai^e dimensions of the shafts ; but they were * '"' "" 
all, in some degree, exposed to the danger of becoming fixed, if 
used in the small borings of Artesian wells, by the minute par- 
ticles of rocks falling down between their sides and the excava- 
tion from above. Their use was therefore abandoned, and the 
well of Passy was cleared out with the shell, the bottom of which 
wai made to open upwards, with a hinged fiap, which admitted 
the finer materials detached by the trepan. There were also 
several tools for the purpose of withdrawing the broken parts 
of the machinery from the excavation, or whatever substuices 
might fall in from above ; and all were marked by a great 
d^ree of simplicity, but they did not differ enough from those 
generally used for the same purpose to merit further remarks. 
But there is no doubt that Kind deprived himself of a valuable 
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Fig. 115. 



appliance in not using the ball-clack, that other well borers 
employ, Fig. 115. 

At Passy great strength was given to the head of the striking 

Stool, and to the part of the machinery applied to turn 
the trepan, because the great weight of the latter 
superinduced the danger of its breaking off under the 
influence of the shock, and because the solidity of this 
part of the machinery necessarily regulated the whole 
working of the tool. The head of the boring arrange- 
ment was connected with the balance-beam of the 
steam-engine by a straight link-chain, with a screw- 
coupling, admitting of being lengthened as the trepan 
descended. Figs. 1 16, 117. The balance-beam, in order 
to increase its elastic force in the upward stroke, is 
in Kind's works made of wood, in two pieces; the 
upper one being of fir and the lower one of beech. The whole 
of the machinery is put in motion by steam, which is admitted 

to the upper part of the cylinder, and presses 
it down, and thus raises the tool at the other 
end of the beam to that part in connection 
with the cylinder. The counterpoise to the 
weight of the tools is also placed upon the 
cylinder-end of the beam. The cylinder re- 
ceives the steam through ports that are opened 
and closed by hand, like those of a steam- 
hammer ; so that the number of the strokes 
of the piston may be increased or diminished, 
and the length of the strokes may be in- 
creased, as occasion may require. 
I # The balance-beam is continued beyond the 

^ '^ point where the piston is connected with it, 

and it goes to meet the blocks placed to check 
the force of the blow given by the descent 
of the tool. The guides of the piston-head 
are attached to the part of the machinery 
^' ^ ' ^' that acts in this manner ; but at Passy, 

Kind made the balance-beam work upon two free plummer- 
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blocks, or blocks having no permanent cover, that they might 
be more easily moved whenever it was necessary to displace the 
beam, for the purpose of taking up or letting down the rods, or 
for changing the tools ; for the balance-beam was always imme- 
diately over the centre of the tools, and it therefore had to be 
displaced every time that the latter were required to be changed. 
This was effected by allowing the beam to slide horizontally, so 
as to leave the mouth of the pit open. The counter-check, 
above mentioned, likewise prevented the piston from striking 
the cylinder cover with too great a force, when it was brought 
back by the weight of the tools to its original position. The 
operation of raising and lowering the rods, or of changing the 
tools, was performed at Passy by a separate steam-engine, and 
the shell was discharged into a special truck, moving upon a 
railway expressly laid for this purpose in the great tower 
erected over the excavation. All these arrangements were in 
fact made with the extreme attention to the details of the 
various parts of the work which characterises the proceedings 
of continental engineers, and conduces so much to their success. 
The beating, or comminution of the rock, was usually effected 
at Passy at the rate of from fifteen strokes to twenty strokes a 
minute. The rate of descent, of course, differed in a marked 
manner accordiug to the nature of the rock operated upon ; but, 
generally speaking, the trepan was worked for the space of 
about eight hours at a time, after which it was withdrawn, and 
the shell let down in order to remove the dehris. The average 
number of men employed in the gang, besides the foreman, or 
the superintendent of the well, was about fourteen : they con- 
sisted of a smith and hammerman, whose duty it was to keep the 
tools in order ; and two shifts of men entrusted with the exca- 
vation, namely, an engine-driver and stoker, a chief workman 
or sub-foreman, and three assistants. The total time employed 
in sinking the shafts executed upon this system in the North of 
France, where it has been applied without meeting with the 
accidents encountered in the Passy well, was found to be suscep- 
tible of being divided in the following manner : from 25 per 
cent, to 56 per cent, was employed in manoeuvring the trepan ; 
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from 11 par cent, to 14J per cent, in raising and lowering the 
tools ; from 19 per cent, to 21 per cent, in remoying tlie mate- 
riala detached from tbs rocks, and cleaning out tbe bottom of 
the exciLTBtion ; and from 8 per cent, to 10^ per cent, was lost, 
owing to the stoppage of tho engines, or to tlie accidents from 
brolten took, or to other causes always attending these opora- 
tioQB. In the well of Paasy there was, of course, a considerable 
difference in the proportions of the time employed in the various 
details of the work : and the long period occupied in obviating 
the effects of the slips whicL took place in the clays, both in 
the basement beds of the Paris basin and in the subcretaceous 
strata, would render any comparison derived from that well of 
little value ; but it would appear that, until the great accident 
occurred, the various operations went on precisely as Kind had 
calculated upon. 

Kimd-Chaudbon System. 

In the year 1872 Emerson Bainbridge, C.E., drew attention 
to the Eind-Chaudron system of sinking mine shafts through 
irateT-bearing strata, without the use of pumping machinery, in 
a paper read before the Institute of Civil Engineers. As the 
operation is almost identical with that which would have to be 
carried through in the case of a well sunk through an upper 
series of water-bearing strata, of minor importance or of impure 
quality, past rock and into the lower water strata, as for instance 
through tertiaries and chalk into the lower greensand, the 
following extract from Bainbridge's paper may ba read with 
interest. 

In the first place, it may be desirable to describe briefly the 
system of sinking hitherto pursued in passing through strata 
yielding large quantities of water. The most important sink- 
ings of this character have been carried out in the county of 
Durham, to the east of the point at which the Permian overlie 
the carboniferous rocks. In this district there is a thin bed of 
sand between the Permian ruck and the coal measares. Towards 
this bed the feeders of water are generally fuund to 
and in the sand there is nsaally a large reservoir of water. 
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mode of ainking will be 
nnderHtood by reference 
toFig.118. TVbiletBink- 
ing in bud rook, it baa 
ordiiiarilf been tbe oua- 
tom to place iron curbs, 
or cribs, wherever a bed 
of stone appeared to furm 
a oatnral barrier between 
two distinct feeders of 
water. Tbns it has fre- 
qnentlj happened that 
important feeders have 
been tabbed back, ren- 
dering mnch less pnmp- 
ing power necessary than 
would have been leqnir- 
ed had all the feeders 
been allowed to accumu- 
late in the abaft. Aswill 
be seen by Fig. 118, the 
nomber of wedging cribs 
employed is no less than 
thirteen in 250 feet. The 
cribs forming the fouu' 
dation of each set of 
tabbing are generally 
mnoh more massive and 
costly than tbe segmentB 
of tubbing. 

The prooeaa of fixing 
tbe crib is as follows; — 
The diameter of the shaft 
is made about 80 inches 
larger than that of the 
inside of the tubbing. 
Wh^i a bed of rock, 
which may be considered 
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sufficiently hard and close to separate the feeders above and 
below it, is reached, the shaft is contracted to the diameter 
of the tubbing, and a smooth horizontal face is made on which 
to place the wedging crib. The wedging crib, which usually 
consists of segments of about 4 feet long by 6 inches high by 
14 inches wide, is then placed on the bed. To give the crib a 
firm and secure position, it is tightly wedged with wood, both 
behind and between the joints ; the tubbing is then built upon it 
to the next wedging crib, which rests upon a bell-shaped section 
of rock. When the tubbing nearly reaches this crib, the rock is 
removed piece by piece, and the top ring of tubbing is placed 
close up against the crib. It will thus be seen that the fixing of 
each crib is a costly process, often causing considerable delay. 

In some cases, where it has been difficult to find suitable 
foundations for intermediate wedging cribs, the whole of the 
water-bearing rocks have been sunk through without attempting 
to stop the feeders separately, and no tubbing has been placed 
in the shaft till the wedging crib could be fixed below the lowest 
feeder. This process is more expeditious where there are small 




Fig. 119. Fig. 120. 

quantities of water • but where the water is excessive greater 
delay is caused by contending with it than from putting in 
numerous sets of tubbing to stop the feeders separately. The 
tubbing used in England has almost invariably been of cast 
iron ; on the Continent, till recently, tubbing of wood has chiefly 
been used. Illustrations of both descriptions are shown by 
Figs. 119 and 120. 
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elevation tbe plant and 
the arrangements ge- 
nerally in use at 
extenBiTe eink- 
iugB. Where the 
water is in large 
quantities it ia 
iiBually pumped 
by an engine 
erected for the 
pTirpoBe, assist- 
ed by the en- 
gine or enginee 
intended to be 
employed to 
raise the eoal. 
A small capstan engine is used 
for passing the men and material np 
and down the pit during the sinking, 
snch engine being provided also with 
a drum on slow motion, which is used 
for heavy weiglita. The continnal 
pomping, the placing of cribs, and 
the fixing of the tubbing are pro- 
ceeded with till the lowest feeder is 
reached, when a hard bed is sought 
for on which to fix the lowest wedg- 
ing Gi'ib. In all cases the water has 
to be pumped out before the wedgiog 
crib, which forma the fonndation of 
each aet of tubbing, can be placed. 

Front this description it will he 
understood that the sinkers, who 
number from ten to twelve at one 
time, working four hours at a shift 
in a pit, say, 14 feet in diameter, 
water until all the tubbing is fixed. 
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Tkifi oanseB a eerious obstacia to blostisg, and in otLer ways 
delays the progioss of the worlt. 

The tabbing nscd for damming back the 

water iB generally in segments from 

1 foot to 3 feet high, and Sihont 
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varying from h«lf an mcU to 3J luehes It is kept m position 
fajf packing wit li wuoJ behind the joinls and lemftde water tiglit 

by placing between the 

segments pieces of wood 

sheeting about hnlf an 

inch thick which are 

wedged when all the 

tubbing IS filed nsuall? 

twice with wood and 
with iron 
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To eqnalisD the pres 
of water and gas 

behind the different sets 

cf tubbing pass pipes 

Figs. 123 and 124, are 
Another expedient to effect this is to have a 
valve, working upwards, placed in the 
wedging crib. Fig. 125. A ball is also 
BometimeB used, Fig. 126. 

The various modes of piercing beils of 
quicksand are ;^By hanging tubbing to 
that already fixed, and adding fresh rings 
as the sand is removed. This is only 
practicable when the quantity of sand is 
inconsiderable. By heavily weighting u 
cylinder of iron of the same size as the 
shaft, and thus forciug it down through 
the sand. By keeping back the sand by 
the use of piles — a resource that can only 
bo recommended when the bed of sand is 
not of great thickness. When the water 
is escessive, by using pneumatic agency. 
As these operations are apart from our 
immediate subject we need nut further 
discuss tbera. 

M. CLaudron's system, which is a 
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modification of Kind's, ia divisible into the following distinct 
processes, which consist of; — 

The erection of the necessary machinery on the surfaco, and 
the opening of the mine. 

The horing of the pits to the lowest part of the water-bearing 
strata. 

The placing of the tubbing. 

The introduction of cement behind the tubbing, to complete 
its solidity. 

The estraction of w&ter from the pits, and the placing of 
the wedging cribs, or '■ fans cuvelage," below tho moss box. 

Figs. 127 to 129 show in dlevations and in plan the plant 
usually employed on the sur- 
face. is a small ctLpstaa 
engine, having a cylinder 20 
inches in diameter and a 
if 32 inches, working 
ou the third motion. At- 
tached to this engine, and 
working in the small pit U, 
is a counterbalance weight 




This engine ia used for raising and lowering horing tools, and 
for lifting the dibria resulting from the boring, As far ai 
platform, which is about 10 feet from the surface, the pit hasa 
diameter of 19 feet, or i feet mote than the diameter of the {it 
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Ikelaw. At a level of about 38 fact above tliis platform tbere lE 
a tramway on which small trucks run, carrying the debris 
cylinder on one Bide, and the boriog tools at the other. At a 
level of 48 feet above the platform are placed supports for tho 
wooden speai's to which the boring tools are attached. The 
machinery for boring is worked by a cylinder, which hue a dia- 
meter of 39^ mches, and a full stroke of 39^ incheB, the naunl 
stroke varying from 2 feet to 3 feet, A massive beam of wood 
transmits motion from this cyliniler to the boring apparatus, the 
connection between the beam and the piston-rod and the beam 
and the boring toola being made by a chain. The engine-man 
eite closo to the engine, and applies the steam above the piston 
only, Tho down stroke of tho boring tools is cflused by the 




Budden opening of tho eshauet, and a frame then prevents the 
shock of the bonng rods from being too ecvere. The engines 
work at speeds varying from 12 to 18 strokes a, minatKi, accord- 
ing to the character of the strata passod tluQU^. 
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After the working platform is fixed, tLe first boring tool 
applied is the gmall trepan, Figs. 130 to 133. This tool is 
attached to tho wooden beam by the same arrangemetit showu 
hy Fig. 117. The 
boring tools can be 
lowered at pleasnre 
hy means of an ad- 
justing screw. Next 
1 order comes the 
an die for boring. 
This is worked by 
four men on the 
platform, and is 
tnrned by tho aid of 
a swivel. Attached 
to the handle-piece 
I wooden rods, 
made from Bign 
pitch pine. These 
rods are 59 feet in 
length and 7f inches 
Bqunre. A swivelled 
ring, Figs. 13i, 135, is attached to the rope when raising and 
lowering the boring rods. The small trepan cnts a hole i feet 
Sf inches in diameter, and has fourteen teeth, fitted in cylin- 
drical holes and secured by pins entering through circular slots. 
The teeth are steeled. At a distance of 4 feet 4 inches above 
tho main teeth of the trepan is an arm B, with a tooth at 
each end. This piece answers the purpose of a guide, and at the 
same time removes irregularities from the sides of tho hole. At 
a distance of 13 feet 6 inches above the main teeth are the actual 
guides, consisting of two strong arms of iron fixed on the tool, 
and placed at right angles to each other. Tho holo mode by the 
small trepan is not kupt at any fixed distance in advance of the 
full-sized pit, but tha distance generally varies from 10 to 30 
yards. With tho small trepan, which weighs 8 tons, tho progress 
varies from 6 to 10 feet a day. 
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The lai^ trepan, Figa. 
f 136 to 138, weighs lejtona, 
is forged in one solid piece, 
and has twenty-eight teeth. 
A projection of iron forms 
the centre of this trepan 
and fits loosely into the 
hole made by the small 
trepan, acting as a guide 
for the tool. At a distance 
of 7 feet 6 inches above the 
teeth, a guide is sometimes 
fixed on the frame, bat is 
not furnished with teeth. 
At a distance of 13 feet 
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3 inctieH from the teeth are two other guides at right angles tn 
each other. These gnides ore let down the pit with the boring 
tool, the hinged part of the guides being raised whilst passing 
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Fig. 139. 

through the beams at tho top of the pit, which are only 6 feet 
7 inches apart. When the tool is ready to work, the two arms 
are let down ngainet the side of tho pit, and are hung in the 
shaft bj ropes, thns acting as a guide 
for the trepan, which moves through 
them. To provide against a shock to 
the spears when the trepan strikes the | 
rock on the down stroke, at the upper ! 
part of the frame a slot motion is ar- 
ranged, the play of which amounts to 
about half on inch. The teeth of tLe large 
trepan are nut horizontal, but are deeper 
towards the inside of the pit, tlie face 
of the inside tooth being 3f inchaa lower 
^lan the outside. The object of this is 
to cause the debris to drop at (jace into 
the small hole, by the face of tho rock , 
at the bottom of the pit being some- 
what iuclinod. The teeth used, Figs, 1 
139 to 142, are the some both for t" 
largo and tho small trepan, and wei;^ 
about 72 lb. each. As a rule, only one 
set of teeth is kept in use, this sot "«■"'■ "s '«■ 
working for twelve hours, the alternate twelve hours being 
employed in raising the debris. This time is divided in about 
the following proportions ;— Boring, twelve hours ; drawing tho 
rods, one hour to five hours, according to depth ; raising the 
d3)ri», Iwo hours ; and lowering the rods, one hone to five hnuia. 
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The maxinnim Bpeed of the larger trepan may be taken at about 
3 feet a day. Tlie ordinary diBtance sunk ie not more than 
2 feet a day, and in flint and other hard rocka the boring has 
proceeded as slowly as 3 inches a day. 

The debris in the Bmall bore-hole contains pieces of a maximum 
size of about 8 cubic inches. In the large boring, pieces of rock 
meaBuring 32 cubic inches have been found. As a rule, however, 

the material is beaten very fine, having much 

the appearance of mud or sand. In both the 

largo and the small 

borin ga the debrh is 

raisod by a shell, 

similar to Figs. 113, 

114, and in thissys- 
nj J ' torn consisting of a 

W F*. n. '» wiought™ cjlin. 
113. u*. iM. i«. der, 3 feet 3 inches 

in diameter by 6 feet 

9 inches long, and 

containing two flap 

valves at the bottom, 

through which the 

excavated material 

enters, This appa- i 

ratuB is passed down 

the shaft by the bore 

rode, and i t is moved 
RB.HT. Fig. "a. up and down through 
a distance varying from 6 to 8 inches, for about a quarter of an 
hoar, and is then drawn up and emptied. In some cases where 
the rock is bard, three eizes of trepan arc used consecutively, 
the sizes being 5 feet, 8 feet, and 13 feet. 

The several other tools and appliances used during the boring 
operations are shown. Figs. 143 to 148, including the key, Piga. 
147, 14S, used at the surface to disconnect the rods, the hook OQ 
which each rod is hung after being raisod to the high platform 
^ore detached, the bar apou which the hooks are movod, 
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and the fork for Buapending the rods or tools from the rollers 
when it is desired to move the rods or took from above the shaft. 
Figa. Ii9 to 154 are of the connections to the trepan and 
spears or rods. 

Should broken tools fall into the abaft, several varieties of 
apparatus are used for their recovery. In case of broken rods of 
any kind having a protuber- 
ance that can be clutched, 
a book or crow. Figs. 145, 
146, of an epicycloidal form, 
enables the object to be taken 
hold of very readily. Where 
the broken part has no 
shoulder which can be held, 
but is simply a bar, the ap- 
paratus shown by Figs. 155, 
156, is employed. This ia 
composed of two parts. The 
tods, the bottom of which 
have teeth inside, are pre- 
vented from diverging by the 
cone and elide on the main 
, rods. When passed over a 
rod or pipe, they clutch it 
by means of the teeth, and 
draw it np. Chaudron has, 
by this tool, raised a column of pipes 295 feet in length and 
8 inches in diameter. An instrument, called a " grai>in," Figs. 
167, 158, is need for raising broken teeth or other small objects 
which may have fallen into tha bottom of the shaft. This tool 
also has one part sliding in the other, and ia lowered with the 
claws closed. The parts are moveil by two ropes worked from 
the surface. By weighting the crosa-bar, which is attached to 
the moving parts, the pressure desired can be exerted on the 
claws. The weight ia then lifted, the olaws are opened, and 
ore made to close upon the substance to be raised. Tids inatru- 
ia now seldom required. 
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In boring ehafte in the manner deacribed, witliont being ablo 
to prove in the usual way the perpendicularity of tho Bbrift, it 
might be feared that the system would bo open to objection on 
this account. It appears, however, that in all cases where 
Chaudron has sunk shafts by this system, be has succeeded in 
malting them perfectly vertical. This is ensured by the natural 
effect of the treble guide, which the chisels and the two sets of 
arms attached to tho boring tools afford, and by the fact that if 
the least divergence from a plumb-line is made by the boring 
tool, the friction of the tool upon one side of the shaft is so 
great as to cause tho borers to be unable to turn the instrument. 

Boring alternately with the largo and tho small instrument, 
the shaft is at length sunk to tho point at which the lowest 
feeder of water is encountered. In a 
new district this has to be taken to 
some extent, at hazard ; but where pits 
haveheensunkpreviously, it is njtdif 
ficult to tell, by observing ths strata, 
almost the exact point at which the 
bottom of the tubbing may be safely 
fixed. This point being ascertamed 
the third process is arrived at 

As the object of placing tubbing 
in a shaft ia effectually to shut off 
the feeders, which for water supply 
may have some bad qualities, and to 
secure a water-tight joint at the base 
it is important that the bed on which 
&e moss box has to rest should be 
quite level and smooth. This is at 
taiaed by the nae of a tool, termed a 
" scraper," attached to the bore-rods 
the blades being made to movo romid 
the face of the bed intended for the a. 
employed is cast in complete cylinders 
has an internal diameter of 12 feet and 
Each ring has 




iSB box The tnbbmg 
At MauTag,e each ring 
a 4 feet 9 inches high 
inside flange at thu tcp and bottom and also 
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a rib in the middle, the top and bottom of tLe ring being tamed 
and faced. The tings of tubbing aro attocbed to each other by 
twenty-feight bolts 1 ■ 1 inch ia diameter, passed through holes 
bored in the flangeB. The tubbing ia suspended in the pit by 
means of sii rods, which are let down by capetans placed at a 
distance of SO feet above the top of the pit. These macltiseE 
work upon long BorewB. When a new ting of tubbing ia added, 
the rods aro detached at a lower level, and are hung upon chains, 
thus leaving an open space for passing it forward. Before each 
ring is put into the pit it is tested by hydraulic apparatus. Fig. 
159. Tbo tubbing is usually proved to one-half more pressure 
than it is expected to be Bubj'ected to. At Maurage, for a 
length of 550 feet of tubbing, the chief patticulats tespeoting 
it are :— 






L«nglh. 


ThickniSB. 


cjpccttJ. 


Tabbing i. 


1 


Top .. .. 

Bottom 


fcet. 
130 

GO 
60 
60 
60 
60 
GO 
GO 


Incis. 
117 
1'31 
1-57 
1-76 
l-9fi 
2-16 
2-35 
2-55 


30 
60 
90 
120 
1.^0 
180 
210 
210 


,b..^™ 

45 

90 
185 
180 
225 
270 
315 
300 


Tbo joints between the rings of tubbing are made with sheet 
lead one-eighth of an inch thick, coated with red-lead. The lead 
is allowed to obtrude from the joint one-third of an inch, and is 
wedged up by a tool which has a face one-twelfth of an inch 
thick. The mode of suspending the tubbing to the rods will be 

attached to a ring by the bolts connecting one ring of tubbing 
with another. The bottom ring of tubbing and the ting carry- 
ing the moss box have their top flange turned inwards, bnt theit 
1 ttom flange outwards. A strong web of iron, forming the base 
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of a tube 16^ incLea in diameter, ia attached to the tubbing. The 
object of tlitB tubo is to cause the water in the shaft to eoee the 
BUspenaion roJs, by bearing part of the weight of tbo tabbing. 




Cocks to admit water ate placed at intervals up the tube, by 
which meaDB tbo weight upon tbe rods can be easily regulated, 
BO that not more than one-teuth to one-twentieth of the weight 
of the tubbing is suspended by the rods at one time. Tbo ring 
boIdiDg the moss box is hung from the bottom joint in tbo tubbing 
by sliding rods. 

The arrangement of tlie moss box which forms tho base of the 
tubbing is one of tbe most important points requiring attention 
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in this syBtem of sinking. Ordinary peat moss ia used. It ie 
eacloeed in a net, whieli, witli the aid of springs, keeps it in its 
place during the descent of tlie tubbing. When the moss box, 
which hangs on short rods fixed to the tuhhing, reaches the&ce 
of rock, it is dropped gently npon it, and the whole weight of 
the tubbing is allowed to rest upon the bed. This compresses 
the moss, the capacity of the chamber holding it is diminished, 
and the moss is forced against the sides of the shaft, thus 
forming a water-tight joint, past which no water can escape. 
This completes the third process. 

It may bo noted that up to this point the following important 
differences between this and the ordinary system of placing 
tuhhing are to be observed ; — The tubbing, on reaching its bed, 
bears the aggregate pressure of all the feeders of water which have 
been met with in the shaft. The tnbbing, having been passed 
down the shaft in the manner described, no wedging behind, or 
other modes of consolidating it in the shaft, have been carried 
out. The connection between each ring of tubbing is so carefully 
made that the repeated wedgiaig of the joints, as in the ordinary 
system, is rendered unnecessary. The pit is still full of water 
up to the ordinary level. 

Under these conditions the next process is ; — ^The introduc- 
tion of cement behind the tubbiug to complete its solidity. 

Before the water is removed, the annular space between the 
tubbing and the aides of the shaft is filled with hydraulic cement, 
to render the tubbiug impermeable, by a process of consolidation 
less liable to the effect of any pressure of water or gas which 
may be exerted towards the centre of the shaft. The cement is 
inserted behind the tubbing by close ladles, Figs, 163, 164, 
capable of holding 44 gallons, and consisting of two iron plates, 
one-eighthof an inch thick, fixed on two wooden uprightsS^inches 
square. This apparatus is curved to suit the mean circumference 
of the space to be concreted, A piston is placed at the top of the 
ladle, and to this piston is attached a rod, which can bo moved 
from the surface; a door is also attached to the piston. The 
ladle containing the concrete is passed down behind the tubbing 
bf me^BB of a windlass at the surface, and when it reaches tl 
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lowest point, the piston is pushed down and the cement allowed to 
QSCitpe from the cLamber. The weight of tbe cement and the ladle 
is gufficient, with a little haUast, to enable it to descend easily, 

A namher of expenmenta have been 
made to discover a cement which will 
not hardeo too quickly, and which, 
when hardened, will form a perfectly 
compact and solid mass. A composi- 
tion having the following proportions 
has been found the beat : — Hydraulic 
lime, from the lias near Metz, slaked 
by sprinkling, 1 part ; picked sand, 
from the YoBgea sandstone, 1 part ; 
traSB, from Andemacbt on theBhine, 
1 part; cement from Eopp, Kaute 
Saone, ^ part. 

Six men are employed in putting 
in the cement : — two at the windlass 
for letting down the ladle, two for 
working the rods attached to the 
piston, and two on the working plat- 
form. The rods referred to have heen 
found soch an inconvenience that 
lately a rope on another windlass has 
been used, and an appliance arranged 
for dropping the piston by moving 
the rope. 

When a suf&cient time has elapsed for the centre to harden, 
the water within the tubbing, now effectually separated from the 
feeders, is drawn out by a bucket worked by the crab engine, — 
an operation which occupies from one to three weeks, aceording 
to circumstances. When conclnded the joint between the moss 
box and the rock hod can be examined. In some oases this joini 
is considered sufficient ; hut it is generally thought desirable to 
form a bosc to the tubbing by building a few feet of brickwork 
in cement on a ring or crih of wood, as in Fig. 165. Another 
wooden crib is then placed on the top of this brickwork, and 




above this, two cast irun segmental wedgmg cnba with a brood 
bed also wedged perfectly tight On 
the base so prepared four or more 
rmgs of tubbing in segments are fixed, 
the top ring coming close agamet the 
bottom of the moss box This being 
. done the work is completed, and the 
sinking of the shaft is continued m the 
ordinary way 

The application of the boring trepan 
18 not to bo recomraendiid in the sinking 
of the dry part of the shaft. The use 
of the tool would cause the sinking to 
extend over a longer period, since the 
breaking of the rock jmssed through 
into such roinute particles would lead 
to loss of time. 
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System. 




The system applied by Dm is worthy of attention, not so 
much on account of the novelty of the invention, or of any now 
principle involved in it, as on account of the contrivances it 
contains for the application of the tool, " a chfife librc," or the 
free-falling tool, to Artesian wells of large diameters. It has 
been already explained that under Kind's arrangements the 
trepan was thrown ont of gear by the reaction of the water 
which was allowed to find its way into the column of the exca- 
vation ; bnt that it is not always possible to command the supply 
of the quantity necessary for that purpose ; and even when 
possible, the clutch Kind adopted was so shaped as to be subject 
to much and rapid wear, I>ru, with a view to obviate both 
these inconveniences, made his first trepan similar to that shown 
in Fig, 109, in which it will be seen that the tool was gradually 
raised until it came in contact with the fixed part of the upper 
machinery, when it was thrown out of gear. The bearings of 
the clutch wore parallel to the horizontal line, and were found 
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in praotioe to bo more evenly mom, so that thia instrument 
could be worked Bometimea from eigbt days to fourteen daya 

k^^ Tvithont intermisaion ; whereas, on 

•KiJ^ Kind's syBtem, tbe trepan was fre- 

I W/ \ quently witbdrawn afttr two days' or 

s II \ three days' si 

a— .ffl' Jl ^^ ^^^ ^^ following complete 

S UV \ account of tbe ayetem from a paper 

« I'iw \ read by M. Dm at tbe Conservatoire 

" " ■ V 1 jgg Ai-ta et Metiera, Paris, 6tb June, 

1867. 

It wiU bo aeon from Figs. 166, 167, 

that the boring rod A is suspended 

from the onter end of tbe working 

beam B, which is made of timber 

hooped with iron, working npon a 

middle bearing, and is connected at 

tbe inner end to tbe 

vertical ateamcylin- 

der C, of 10 incbee 

diameter and 39 

incbea stroke. The 

stroke of the boring 

rod la reduced to 

22 incbea by the 

mner end of the 

beam bomg made 

longer tbaa tbe 

I liter end, 



.rttalo 



for the 

oe weight of 
tbe boring 

rod. Tlie steam cylinder is shown enlarged in Fi(, 168 and is 
ainglc-actiug, being uaed only to lift the boring rod at each 
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stroke, and the rod is lowered again by reloaBisg tte steam 
from the top side of the piston ; the stroke is limited by timber 
stops both below and above the end of the working beam B. 

The boring tool is the port of most importance in the appa* 
ratns, and the one that has involved moat difficulty in maturing 
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its constiuet o„ . , , ,, , .v ,) i,„ 

points to bo aimed at L/, ] 

uj this are^impli ^"liTt,, 
nty of eonstruction 
ml repairs tho greatest force of 
How posBiblo for each umt of etnlc- 
uggurface, and freedom from liabi- 
lity to get turned aside and choked. 
Tho tool used in small borings is 
a single chisel, as shown in Figs. 
169, 170 ; but for the large borings 
it is found best to divide the tool-face into 
(leparate chisels, each of convenient size and 
weight for forging. All tho chisels, how- 
ever, are liept in a straight line, whereby 
the extent of striking surface is reduced, and tho tool is ren- 
dered less liable to be turned aside by meeting a hard portion 
of flint on a single point of tho striking edge, which would 
diminish the effect of the blow. 

The tool is shown in Figs, 171 to 177, and is oompoeed of a 
wi'ought-iron body D, connected by a screwed end E to tho 
boring rod, and carrying the chisels P F, fised in eeparato 
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9 and secuied by nuts above ; two or four chiBels are 
i, or aometimes eyen a, greater number, according to the 
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Ffg. m. Fig. m. 

size of the hole to be bored. This 
construction allows of any broken 
chisel being easily replaced ; and 

also by changing the breadth of the two outer chiBela, 

the diameter of the hole bared can be regulated exactly 

as may be desired. When four chisels aio used, the two 

centre ones are made a little longer than the others, as 

shown in Fig. 175, to form, a leading hole aa a guide to 

iil. the boring rod, A cross-bar G, of the same width as the 

tool, guides it in the hole in the direction at right angles 

to the tool ; and in the case of the larger and longer tools 

second cross-bar higher np, at right angles to the first and 

parallel to the strilcing edge of the tool, is also added. 

If the whole length of the boring rod were allowed to fall 
suddenly to the bottom of a la^o bore-bole at each stroke, 
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I sudden! 
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IS would occur; it is therefore found requisite 
to arrange for the tool to be detached from the boring rod at a 
filed point in each stroke, and this has led to the general 




adoption Qifru^-faWnuj iovls. JI. Dru's plan <.f sclf-atting froo- 
falling tool, liberated by reaction, is shown in side and &ont 
view in Fige. 178 to 181. The hook H, attached to the head 
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of tho boring tool D, slides vortioally in the box K, which is 
screwed to the lower estremity of the boring rod ; and the book 
engages with the catch J, centred in tho sides of the box K, 
whereby the tool is lifted as the boring rod risoa. The tail of 
the catch J bears against on inclined plane L, at the top of the 
box K; and the two holes carrying tho centre-pin I of the 
catch, are made oval in the Tettical direction, so as to allow a 
slight vertical moyement of the catch. When the boring rod 
reaches the top of the stroke, it is stopped Bnddenly by the tail 
end of the beam B, Fig. 167, etriking upon the wood buffer- 
block E ; and the shock thus occasioned canses a slight jump 
of the catch J in the box K; the tail of tho catch ia thereby 
thrown outwards by the incline L, os shown in Fig, 180, libe- 
rating the book H, and the tool then falls freely to the bottom 
of the bore-hole, as shown in Pig. 181. When the boring rod 
descends again after the tool, the catch J again engages with 
the hook H, enabling the tool to be raised for the next blow, as 
in Fig. 179. 

Another construction of self-acting free-falling tool, liberated 
by a separate disengaging rod, is shown in side and front view 
in Figs. 182 to 186. This tool consists of four principal pieces, 
the hook H, the catch J, the pawl I, and the disengaging rod M. 
The hook H, carrying the boring tool D, slides between the two 
vertical sides of the bos K, which is screwed to tho bottom of 
the boring rod ; and the catch J works in the same space upon 
a centre-pin fixed in the box, so that the tool ia carried by the 
rod, when hooked on the catch, as shown in Fig, 183. At the 
same time the pawl I, at the back of tho catch J, aocnrcs it 
from getting unhooked from the tool ; but this pawl is centred 
in a Beparate sliding hoop N, forming the top of the disen- 
gaging rod M, which slides freely up and down within a fixed 
distance npon the box K ; and in its lowest position the hoop 
N rests upon the upper of tho two guides P P, Fig. 182, through 
which tho disengaging rod M slides outside the box K. In 
lowering the boring rod, the disengaging rod M reaches the 
bottom of the bore-hole first, as shown in Figs. 182, 183, and 
being then stopped it proveuts the pawl I from descending 
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any lower ; and the inDliued back of the catch J sliding down 
past the pawl, the latter forces the catch oat of the book H, ae 




shown in Fig 184, thua allowing the tool D to fall freely and 
atiike its blow The height of fall of the tool is always the 
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eame, being dctenuiiied. onlj b^ the Icugth of the dieengaging 
rodM. 

The bloiT haying been straok, and the boring rod continning 
to be lowered to the bottom of the hole, the catch J falls back 
into its original position, and engages again with the hook H, 
as shown in Fig. 185, ready for lifting the tflol in the next 
stroke. As the boring rod risae, the tail of tbe catcb J trips 
up the pawl I in passing, as shown in Fig. 184, allowing the 
catch to pass freely ; and the pB.wl before it begins to bo lifted 
returns to the original position, shown in Fig. 185, where it 
locks the catcb J, and prevents any risk of its becoming un- 
hooked either in raising or lowering the tool in the wqU, 

The boring tool shown in FigB. 171, 172, which was employed 
for boring a well of 19 inches diameter, weighs ^ ton, and is 
liberated by reaction, by the arrangement shown in. Figs. 178 
to 181 ; and the same mode of liberation w^ applied in tho 
first instance to the larger tool, shown in Figs. 174 to 177, em- 
ployed in sinking a well of 47 in. diameter at Butte-aux-Cailles. 
The great weight of the latter tool, however, amounting to as 
much as 3^ tons, necessitated so violent a shock, for the purpose 
of liberating the tool by reaction, that the boring rods and the 
rest of the apparatus would have been damaged by a continu- 
ance of that mode of workiiig ; and M. Dru was therefore led to 
design the an'angement of the disengaging rod for releaaing the 
tool, as shown in Figs. 182, 183. In this case the cross-guide 
G fixed upon the tool ia made with an eye for the disengaging 
rod M to work through freely. For borings of small diameter, 
however, the disengaging rod ■cannot supersede the reaction 
system of liberation, as the latter alone is able to work in borings 
as small as 3^ inches diameter ; and a bore-hole no larger than 
this diameter has been successfully completed by M. Dm with 
the reaction tool to a depth of 750 feet. 

The boring rods employed are of two kinds, wrought iron and 
wood. The wood rods seen in Figs. 167, 187, are naed for 
borings of large diameter, as they possess the advantage of 
ing a larger section for stiffiiesa without increasing the 
it ; 'and also when immersod in water the greater portion of 
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their wetglit is floated. The wood for the rods requires to he 

caiofully selected, and care has to he taken to choose the timher 

from the thick port of the tree, aad 

!not the toppings. In Frunco, Lor- \ 
mine or VoBgea deals are preferred. 
The boring rode, whether of wood 
or iron, are acrowod together either 
by Bolid sockets, as in Fig. ] 
with separate collars, as in Figs. 
188, 190. The separate collars are 
preferred for the purpose, on account 
I of being easy to forge ; and aleo h 
I caase, as oaly one half of the collar 
1 works in coupling and uncoupling 
the rods, while the other half is fixed, 
the screw thread becomes worn only 
at one end, and by changing the 
collar, end for end, a now thread is 
obtained when one is worn out, the (3^-" tL 
. \ worn end being then jammod fast as ^^^ jT 
fj the fixed end of the collar. f^f 

The boring rod is guided in the U 

lower part of the hole by a lantern K, Fig. ^^^ 
"° lfi7, shown to a larger scale in E'ig. 187, 

which consists of four vertical iron bars curved in at both ends, 
where they arc secured bymovftble sockets upon tho boring rod, 
and fixed by a nut at the top. By changing tho bars, the size 
of the lantern is readily adjuBted to any required diameter of 
bore-hole, as indicated by the dotted lines. In raising up or 
letting down the boring rod, two lengths of about 30 feet each 
are detachod or added at once, and a few shorter rods of diSbreut 
lengths are used to mako up the exact length required. The 
coupling screw 8, Fig. 166, by which tho boring rod is con- 
nected to the working beam S, serves to complete the adjust- 
ment of length ; this is turned by a crosB*har, and then secured 
by a cross-pin through tho screw. 

In ordinary work, breakages of the boring rod generally take 
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place in the iron, and more purticularly at the part screwed, aa 
that is the weakest part. In the case of breakages, the tools 
nsnally employed for picking up the broken ends are a conical 

4 screwed socket, shown in Fig. 191, and a crow's 
foot, shown in Fig. 192 ; the socket being made 
with an ordinary V-thrend for caseB where the 
breakage occnrs in the iron, but having a 
sharper thread like a wood screw, when used 
where the breakage is in one of the wood rods. 
In order to ascertain tho shape of the fractured t_J^ 
Fig. 191. end left in the bore-hole, and its position rela- 
tively to the centre line of the hole, a similar conical ^y\ 
socket is first lowered, having its under surface filled ^T^^ 
up level with was, so as to take an impiession of the 
broken end, and show what size of screwed socket should be 
employed for getting it ap. Tools with nippers are sometimes 
used in largo borings, as it is not advisable to subject the rods 
to a twist. 

When the boring tool has detached a sufficient quantity of 
material, the boring rod and tool are drawn up by means of the 
rope 0, Fig. 166, winding up the drum Q, which is driven by 
straps and gearing &om the steam-engine 
T. A shell is then lowered into the bore- 
hole by the wire-rope U, from the other 
drum V, and is afterwards drawn up again 
with the eicavated material, A friction 
brake is applied to the drum Q, for regu- 
lating the rate of lowering the boring rod 
down the well. The shell shown in Figf 
194, 195, consists of a riveted iron cylin 
dor, with a handle at the top, which cai 
cither be screwed to the boring rod or '^' ^' ""' '^*' '^°' 
attached to the wire rope ; and the bottom is closed by a large 
valve, oi>ening inwards. Two different forms of valve are us^, 
either a pair of flap-valves, as shown in Fig, 194, or a single- 
cone valve Fig. 195; and the bottom rii^ of the cylinder, 
forming the seating of the valve, is forged solid, and steeled on 
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tte lower edge. On lowering this cylinder to the bottom of 
the bore-hole, the Talve opens, and the loose material enters the 
cylinder, where it is retained by the closing of the valve, whilst 
the shell is drawn np again to the surface. In boring through 
chalk, as in the case of the deep wells in the Paris basin, the 
hole is first made of about half the final diameter for CO to 90 
feet depth, and it is then enlarged to the full diameter by using 
a larger tool. This is done for convenience of working ; for if 
the whole area were acted upon at once, it would involve crush- 
ing all the flints in the chalk ; but, by putting a shell in the 
advanced hole, the flints that are detached during the working 
of the second larger tool are received in the shell and removed 
by it, without getting broken by the tool. 

The resistance eiperienced in boring through different strata 
is various; aud some rocks passed through are so hard that 
with 12,000 blows a day of a boring tool weighing nearly 
10 cwt., with 19 inches height of fall, the bore-hole was advanced 
only 3 to 4 inches a day. As the opposite case, strata of mn- 
ning sand have been metvrith so wet that a slight movement of 
the rod at the bottom of the hole was sufBcient to make the sand 
rise 80 to 40 feet in the bore-hole. In these cases Dm has 
adopted the Chinese method of effecting a speedy clearance, by 
means of a shell closed by a large ball-clack at the bottom, as 
shown in Fig. 193, and suspended bya rope, to which a vertical 
movement is given ; each time the shell falls upon the sand a 
|>ortion of this is forced up into tho cylinder, and retained there 
by the ball -valve. 

Borings of large diameter, for mines or other shafts, are also 
sunk by means of the same description of boring tools, only 
considerably increased in size, extending np to as mach as 
14 feet diameter. The well is then lined with cast-iion or 
wronght-iron tubing, for the purpose of making it water-tight ; 
and a special contrivance, invented by Eind, and alluded to at 
p. 127, has been adopted for making a water-tight joint between 
the tubing and the bottom of the well, or with another portion 
of tubing previously lowered down. This is done by a stuffing 
box, shown in Fig. 1%, which contains a packing of moss at 
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8 drawn down to the 

3 as to compreea 

B not sufficient for the pnr- 




A A. The upper portion of tho tubing ii 
lower portion by the tighteniaj 
the mosa-packing when the wei 
pose. A spate is left be- 
tween the tubing and tho sido 
of the well, to admit of the 
passage of tho stufftng-box | 
flange, and also for running | 
in concrete for the completion | 
of tho operation. The moss- 
packing rests upon the bottom I 
flange D ; but this flangt 
Hometimea omitted. The joint I 
is thus simply made hy press- 5 
ing out tho moBS-packing | 
against, tho sides of the well ; 
and this niuteiiat, being easily 

compressible and not likely to decay under water, is found to 
make a very satisfactory and durable joint. 

M.Dru states that tho reaction tool has been successfully em- 
ployed for boiings up to as large as about i feet diameter, witness 
the case of the well at Butto-aux-Cailles of 47 luehes diameter ; 
but beyond that size he considers the shock requisite to liberate 
the larger and heavier tool would probably be so excessive as 
to be injurious to the boring rods and the rest of the attach- 
ments ; and he therefore designed the arrangement of tho dis- 
engaging rod for liberating the tool in borings of large 
diameter, whereby all shock upon the boring rods was avoided 
and the tool was liberated with complete certainty. 

In practice it is necessary, as with the common chisel, to 
turn the boring tool partly round between each stroke, so as to 
prevent it from falling every time into the same position at the 
bottom of the well ; and this was effected in the well at Batte- 
aus-Cailles by manual power at the top of the well, by means 
of ft long hanJ-lever fixed to the boring rod by a clip bolted on, 
which was turned round by a couple of men through part of a 
revolution during the time that the tool was being lifted. The 
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tummg was ordinarily done in tbe right-hand direction only, 
ae to avoid the risk of nnBcrewing any of the screwed conplings 
of the boring rods ; and care was taken to give the boring rod 
half a tnm when the tool was at the bottom, so as to tighten the 
screw-couplings, which otherwiaa might shake loose. In the 
event of a fracture, however, leairing a considerable length of 
boring rod in the hole, it was sometimes necessary to have the 
means of unscrewing the couplings of the portion left in the 
hole, ao as to raise it in parts instead of all at once. In that 
case a locking clip was added at each screwed joint above, and 
secured by bolts, ae shown at C in Pig, 188, at the time of 
patting tho rods together for lowering them down the well to 
recover the broken portion ; aod by this means tbe ends of the 
rods were prevented from becoming unscrewed in tbe coupling 
sockets, when the rods were tmned round backwards for nn- 
Bcrowing the joints in the broken length at tbe bottom of tbe 
bore -hole. 

When running Gands are met with, the plan adopted is to nee 
the Chinese ball-scoop, or shell, Fig. 193, described for clear- 
ing tho bottom of the bore-bole ; and where there is too much 
sand for it to be got rid of in this way, a tube bus to bo sent 
down from tbe surface to abut off the sand. This, of course, 
necessitates diminishing the diameter of the hole in passing 
through the sand; but on reaching the solid rock below the 
running sand, an expanding tool is used fur continuing the 
bore-hole below tho tubing with the same diameter as above it, 
Bo aa to allow the tubing to go down with the hole. 

In the case of meeting with a surface of very Lard rock at a 
considerable inclination to tbe boio-bole, M. Dru employs a tool, 
tbe cutters of which are fixed in a circle all round tho edge of 
the tool, instead of in a single diameter line ; the length of the 
tool is also considerably increased in such cases, as compared 
with the tools used for ordinary work, so that it is guided for a 
length of as much as 20 feet. He nses this tool in all cases 
where from any cause the hole is found to be going crooked, 
and has even succeeded by this means in straightening a hole 
that bad previously been bored crooked. 
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The cutting action of this tool is all round its edge ; and 
therefore in meeting with an inclined hard sarface, as there is 
nothing to cut on the lower side, tie force of the blow is brought 
to bear on the upper eide alone, until an entrance is eflectcd 
into the hard rock in a true straight line with the upper pait 
of the hole. 

Although as regards diameter, depth, and flow of water in. 
favourable localities, some extraordinary lasnlts have been ob- 
tained with this eyetem of boring by rods worked by steam 
power, yet, as Dru himself observes, "in some instances hia 
own eiqierienco of boring had been, that owing to the difficulties 
attending the operation, the occurrenoe of delays from accidents 
was the rule, while the rognlar working of the machinery was 
the exception." A farther dieadvantt^e to be noticed is that, 
owing to the time and labour involved in raising and lowering 
heavy rods in borings of 10 inches diameter and upwards, there 
is a strong inducement to keep the boring tool at work, for a 
niuch lougur period than is actoaUy necessary for breaking ap 
fresh material at each stroke. TLe fact is that after from 100 
to 200 blows have been given, the boring tool merely falls into 
the accumulated dibria and pounds this into dust, without agaia 
touohing the surface of the solid rock. It may therefore be 
easily uuderstood how much time is totally lost out of tLo 
periods of five to eight hours during which, with the rod system , 
the tool is allowed to continue working. 



Mathbk and Platt'b Stbtbu. 

In Mather and Piatt's method of boring adopted in England, 
the rope has been reverted to, in place of the iron or wood 
rods used on the Contitieut. A flexible rope admits of being 
handled with greater facility than iron rods, but wants the 
advantage of rigidity: in the Chinese method it admitted of 
withdrawing the chisel or bucket very rapidly, but gave no 
certainty to the operation of the chisel at the bottom of the 
hole. The rods on the other hand enable a very efl'ectiva 
blow to bo given, with a definite turning or screwing motion 
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between the blows according to the 
lequircmcats of tba Btratu ; but the 
ind trouble of roiBiiig heavy rods 
from groat depths on eacb occasion of 
changing from boring to clearing out 
the hole fona a eerioue drawback, which 
makeB the stop^iagoE occupy really a 
longer time than the actual working of 
the machinery. 

The method invented by Colin Mather, 
and manufactured by Mather and Piatt, 
4 of Oldham, employed largely in Eng- 
land for deep boring, seema to 
combine the advantages of the 
systems hitherto used, and to be 
free from many of their disad' 
vantages. The distinctive fea- 
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tnres of this plan, wliich is shown in Figa. 197 to 204, aro the 
mode of giving the porcussive action to the boring tool, and the 
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constntctiOD of the tpd « boHlfi-beacI, and of the ahell-ftumsi 
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for clenring ont the hole after tlie action of the boring head. 
Instead of these implementa being attached to rods, they ore 
suspended by a flat hemp rope, a,bont J inoh thick and 4J inches 
broad, such as is commonly uaed at collieries ; and the boring 
tool and shell-pump are raised and lowei'ed as quickly in the 
bore-hole as the bucket and cages in a coIKery shaft. 

The flat rope A A, Fig. 197, from which the boring head B 
is suspended, is wound upon a large drum driven by a steam- 
ongine D with a reversing motian, so that one man can regulate 
the operation with the greatest case. All the working parts 
are fitted into a wood or iron framing E E, rendering the wliolo 
a compact and complete machine. On leaving the drum C the 
rope passes under a guide pulley F, and then over a large 
pulley G carried in a fork at the top of the piston rod of a 
vertical single-acting steam cylinder. 

This cylinder, by which the jercussive action of the boring 
head is produced, is shown to a larger scale in the vcrticikl 
sectiona, Figs. 200, 201 ; and in the larger size of machine here 
shown, the cylinder is fitted with a piston of 15 inches diameter, 
having a heavy cast-iron rod 7 inches square, which is made 
with a fork at the top carrying the flanged pulley G of about 
3 feet diameter and of sufficient broadth for the flat rope A to 
pass over it. The boring-head having been lowered by the 
winding drum to the bottom of the bore-hele, the rope is fixed 
secure at that length by the clnnip J ; steam is then admitted 
underneath tlie piston in tljo cylinder H by the steam valve K, 
and the boring tool is lifted by the ascent of the piston rod aod 
pulley G ; and on arriving at the top of the stroke the exhaust 
valve L is opened for the steam to escape, allowing the piston 
rod and carrying pulley to fall freely with the boring tool, 
which faUs with its full weight to the bottom of the bore-holo. 
The exhaust port is 6 inches above tJio bottom of the cylinder, 
while the steam port is situated at the bottom ; and there is 
thus always an elastic cushion of steam retained in the cylinder 
of that thickness for the piston to fall upon, preventing the 
piston from striking tho bottom of the cylinder. The steam 
and oshatiat valves are worked with a self-actiag motion by the 
A.1. 
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tappets M M, which are actuated by the movement of the 
piston rod ; and a, rapid succession of blows is thus given by 
the boring tool on the bottom o£ the bore-hole. As it ia noces- 
sary that motion should be giyeu to the pieton before the valves 
can be acted upon, a, small jet of steam N is allowed to bo con- 
stantly blomng into the bottom of the cylinder ; this canBes tho 
piston to move slowly at first, so as to take tip the slack of the 
rope and allow it to receive the weight of the boring head 
gradually and without a jerk. An arm attached to the piston- 
lod then cornea in contact with a tappet which opens the steam 
valve K, and the piston rises quickly to the top of the stroke ; 
another tappet worked by the same arm then shuts off the steam, 
and the exhaust valve L is opened by a corresponding arrange- 
ment on the opposite side of the piston rod, as shown in Fig. 201. 
By shifting these tappets the length of stroke of the piston can 
be varied from 1 to 8 feet in the lai^ machine, according to 
the material to be bored through ; and the height of fall of the 
boring head at the bottom of the bore-hole is double the length 
of stroke of tho piston. The fall of the boring head and piston 
can also bo regulated by a weighted valve on tho oihaust pipe, 
chocking the escape of the steam, so as to cause the descent to 
take place slowly or quickly, as may be desired. 

The boring head B, Fig. 197, ia shown to a krger scale in 
Figa. 202, 203, and consistB of a wrought-iron bar about 
4 inches diameter and t) feet long, to the bottom of which a 
cast-iron cylindrical block C is secured. This block hos 
numerous square holes through it, into which the chisels or 
cutters D D are inserted with taper shanks, as shown in Fig, 
203, so as to he very firm when working, but to bo readily token 
out for repairing and Bharpening. Two different arrangements 
of the cutters arc shown in the elevation, Fig. 202, and the plan. 
Fig. 204. A little above the block C another cylindrical casting 
E is filed upon tho bar B, whichacta simply as a guido to keep 
the bar perpendicular. Higher still is fixed a second guide F, 
but on the circumference of this ore secured cast-iron plates 
made with ribs of a saw-tooth or ratchet shape, catching only in 
one direction ; these ribs are placed at an inclination like seg- 
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ments of a screw-thread of 
very long pitch, so that as 
the goide bears against the 
rough Bides of the bore- 
hole when the bar ib raised 
or lowered they assist in 
turning it,forcansingtbe 
cutters to strike in a &eBb 
place ateach stroke Each 
alternate plate has the pro- 
jecting ribs inclined m the 
opposite direction, so that 
one half of the nbs are 
acting to turn the bar 
round in rising, and the 
other half to turn it m 
the same direction m 
falling These projeotmg 
spiral Tibs simply assist 
in turning the bar, and 
uomedmtely above the 
upper guide F is the ar- 
rangement by which the 
definite rotation is se- 
cured To effect this ob- 
ject two cast-iron collars, 
G and H, are cottered 
fast to the top of the bar 
B, and placed about 12 
inches apart; the upper 
face of the lower collar 
G is formed with deep 
ratchet-teeth of about 2 
inches pitch, and the 
under face of the top 
collar Q is formed with 
similar ratchet- teeth, set 
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exactly Ib line with tbose on the lower collar. Between tbese 
coUais and eliding freely on the neck of the boring bar B is a 
deep buBb J, which ie also formed with corresponding ratchet- 
teeth on both its upper and lower faces ; but the teeth on the 
upper face ore set bolf a tooth in advance of those on the lower 
face, so that the perpendioular side of eooh tooth on the npper 
face of the bueh is directly aboTethe centre of the inclined side 
of a tooth, on the lower face. To this bush is attached the 
wrougbt-iron bow E, by which the whole boring bar ia sus- 
pended with a hook and shackle 0, Fig. 200, from the end of 
the flat ropo A. Tho rotary motion of the bar ia obtained as 
follows : when the boring tool falls and strikes the blow, the 
lifting hnsh J, which during the lifting has been engaged with 
the ratchet-teeth of the top oollar H, falls upon those of the 
bottom collar G, and thereby receives a twist backwards through 
the space of half a tooth ; and oq commencing to lift again, the 
bush rising np against the ratchet-teoth of the top collar H, 
receives a further twist backwards through half a tooth. The 
flat rope is thus twisted backwards to the estcnt of one tooth of 
tho ratchet; and during the lifting of the tool it untwists itself 
again, thereby rotating the boiing tool forwards through that 
extent of twist between each successive blow of the tool. The 
amount of the rotation may be varied by making the ratchet- 
teeth of coarser or finer pitch. Tho motion is entirely self- 
acting, and the rotary movement of the boring tool is ensured 
with mechanical accuracy. This simple and most effective 
action taking place at every blow of the tool produces a con- 
stant change in the position of the cutters, thus increasing their 
effect in breaking the rock. 

The ahell-pump, for raising the material broken up by the 
boring heodgia shown in Figs. 205, 206, and consists of acylin- 
drical shell or barrel P of cast iron, about eight feet long and a 
little smaller in diamoter than ihts size of the bore-hole. At the 
bottom is a clack A opening upwards, somewhat similar to that 
in ordinary pumps ; bnt its sea.ting, instead of being fastened to 
the cylinder F, ia in. an annular frame C, which is held up 
against the bottom of the cylinder by a rod D passing up to 
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a wronght-iron gnide E at the top, where it is seouTed by a 
cotter I", Ineide the cylinder works a bucket B, simihir to that 
of a common lift-pump, having an indiarubher disc valve on 
the top Bide ; aud the rod D of the bottom clack paaaes freely 
through the bucket. The rod G of the bucket itself ie formed 
like a long link in a chain, and by this link the pump is sus- 
pended from the ahackle 0, Fig. 200, at the end of the flat rope, 
the guide E, Fig. 205, preventing the backet from being drawn 
out of the cylinder. The bottom clack A is made with an 
indiarnbber disc, which opens fiufBciently to allow the water 
and smaller particles of stone to enter the cylinder ; and in order 
to enable the pieces of broken rock to be brought up as large as 
possible, the entire clack is free to rise bodily about 6 inches 
from the annular frame C, as shown in Pig. 205, thereby afford- 
ing ample space for large pieces of rock to enter the cylinder, 
when drawn in by the up stroke of the bucket. 

The general working of the boring machine is as follows. 
The winding drum C, Pig. 197, is 10 feet diameter in the large 
machine, and is capable of holding 3000 feet length of rope 
4J inches broad and J inch thick. When the boring head B is 
hooked on the shackle at the end of the rope A, its weight pulls 
round the diotm and winding engine, and by means of a break 
it is lowered steadily to the bottom of the bore-hole ; the rope 
is then secured at that length by screwing up tight the clamp J. 
The small steam jet N, Pigs, 200, 201, is nest turned on, for 
starting the working of the percuEsion cylinder H ; and the 
boring head is then kept continually at work, until it has broken 
up a sufficient quantity of material at the bottom of the bore- 
hole. The clamp J which grips the rope is made with a slide 
and screw I, Pig. 200, whereby more rope can be gradually given 
ont as the boring head penetrates deeper in the hole. In order 
to increase the lift of the boring head, or to compensate for the 
elastic atretching of the rope, which is found to auioimt to 
1 inch in each 100 feet length, it is simply necessary to raise 
the top pair of tappets on the tappet rods whilst the per- 
cussive motion is in operation. When the boring head haa 
been kept at work long enough, the steam is shut off from the 
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percuBsion cylinder, the rope nnclamped, the winding engine 
put in motion, and the boring head wound up to the snr&ce, 
where it is then slung from an ovorhead suspensina bar Q, 
Fig. 197, by meaoB of a, hook moimtod on a roller for running 
the boring head away to one side, clear of the bore-hole. 

The Bbell-pump ia nest lowered down the bore-hole, by the 
rope, and the debris pumped into it by lowering and raising 
the bucket abont three times at the bottom of the hole, which 
ia readily effected by meana of the reversing motion of the 
winding engine. The pump is then brought up to the surface, 
and emptied by the following very simple arrangement : it is 
slung by a traversing hook from the overhead suspension bar Q, 
Fig. 1!)7, and ia brought perpendicularly over a small table Rin 
the waste tank T ; and the tikblo is raised by the screw B until 
it receives the weight of the pump. The cotter F, Fig. 205, 
which holds up the clack Beating C at the bottom of the pump, 
is then knocked out ; and the table being lowered by the scrotv, 
the whole clack seating C descends with it, as shown in Fig. 206, 
and the contents of the pump are washed out by the rush of 
water contained iu the pump cylinder. The table is then raised 
again by the screw, replacing the clack seating in its projtep 
position, in which it is secured by driving tlie cotter F into the 
slot at the top ; and the jramp is again ready to be lowered 
down the bore-hole as before. It ia sometimes necessary for the 
pump to be emptied aud lowered three or four times in order 
to remove all the material that has been broken up by the 
boring-head at one operation. 

The rapidity with which these operations may be carried on 
ia found in the experience of the working of the machine to be 
as follows. The boring head is lowered at the rate of 500 feet 
a minute. The percussive nkotion gives twenty-four blows a 
minute ; this rate of working continued fur about ten minutes in 
red sandBtone and similar strata is sufBeieut for enabling the 
cnttera to penetrate about 6 inches depth, when the boring head 

wound up again at the rato of ^00 leet a minute. The shell- 
pump is lowered and raised at the same speeds, but only remainB 
down about two minutes ; and the emptying of tho pump when 
drawn np occupies about two or three minutes. 
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In the constraction of this macliine it will be aeen that the 
great desideiatum of all eortli boring baa been well kept in 
view ; namely, to bore boles of large diameter to great deptbs 
witb rapidity and safety. Tbc object is to keep eitber the 
boring head or the abell-pump constantly at work at the bottom 
of the bore-bole, where the actual work hoa to be done ; to lose 
as little time as possible in raising, lowering, an<l changing the 
tools ; to expedite all the operations at the snrface ; and to 
economise manual labour in every particular. With this 
machine, one man stacdiug on a platform at the side of the 
percussion cylinder performs all the opomtious of raising and 
lowering by the winding engine, chaDging the boring-bead and 
shell pump, regulating the percussive action, and clamping or 
unclamping the rope : all the handles for the various stoam 
valves are close to bis hand, and the brake for lowering is 
worked by his foot. Two laboitrers attend to changing the 
cutlers and clearing the pump. Duplicate boring heads and 
pumps are slung to the overhead Ruepenaion bar Q, Fig. 197, 
ready for uae, thus avoiding all delay when any change is 
requisite. 

As is well known by tboao who have charge of such opera- 
tions, in well boring innumerable accidents and stoppages occur 
from causes which cannot be prevented, «ith however much 
vigilance and skill the operations may be coudncted. Hard 
and soft strata intermingled, highly inclined rocks, running 
sands, and fissures and dislocations are fruitful sources of 
annoyanoe and delay, and sometimes of complete failure ; and 
it will therefore be ioteresting to uotice a few of the ordinary 
difhculties arising out of these circumstances. In all the boi&' 
holes yet executed by this system, the various special instru- 
ments used nndor any circumstances of accident or complicated 
strata ai'o fully shown in Figs. 207 to 215. 

Tho boring bead while at work may suddenly be jammed fast, 
eitber by breaking into a fissure, or in consequence of broken 
rock falling upon it from loose strata above. All the stTaln 
possible is then put upon the rope, eitber by the percussion 
cylinder or by the winding engine ; and if the rope is an old 
one or rotten it breaks, leaving perhaps a long length in the 




The claw grapnel, ehoum in 
Fig. 207, is then attached to the rope 
ining on the winding dram, and 
is lowered until itrests tipon the slack 
broken lope in the bore-hole. The grapnel is made 
with three claws A A centred in a cylindrical block 
B, which slides vertically within the casing C, the r' 
tail ends of the claws fitting into incHned a 

'■e casing. During the lowering of the grapnel, 
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the clnwE are kept open, jd con- 

fieqnenco of tlie trigger E being 

leld up in the poeition shown 

in Fig. 207, hy the long lintF, 

■whieheuspendB the grapnel from 

^ Bnt as eoou as the grapnel reete 

^j.,.,. .^ J broken, rope below, the Buapeniling link 

T continuing to descend allows the triggerE 

foil out of it, and then in hauling uin a^giii^. " 



EUviUion. 



tlio top rope. 



link I 

Eta I 
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grapnel is lifted only by the bow G of the internal block B, and 
the entire weight of the estornal casing U bears upon the in- 
clined tail cnde of the claws A, causing them to cloee in tight 
upon the broken rope and lay hold of it securely. The claws 
ate mftde either houkcd at the extremity or serrated. The grap- 
nel IB then hauled up sufficiently to pull the broken rope tight, 
and wroughl^iron rods 1 inch square with hooks attached at the 
bottom are let down to catch the bow of the boring head, which 
is readily accomplished. Two powerful screw-jacks are applied 
to the rods at the eurfaee,by means of the step-ladder shown in 
Fig 209, in which the cross-|)in H is inserted at any pair of the 
holes, so as to suit the height of the scrcw-jaeks. 

If the boring head does not yield quickly to these efforts, the 
attempt to recover it is abandoned, and it is got out of the way 
by being broken up into pieces. For thia purpose the broken 
rope in the bore-hole has first to be removed, and it is therefore 
caught hold of with a sharp hook and pulled tight in the hole, 
while the cutting grapnel, shown in Fig. 208, is slipped over it 
and lowered by the rods to the bottom. Thia tool is made with 
a pair of sharp cutting jaws or knives 1 1 opening upwards, 
which in lowering pass down freely over the rope ; but when the 
rods are pulled up with eonsiderable force, the jaws nipping the 
rope between them cut it through, and it is thus removed alto- 
gether from the bore-hole. The solid wrought-iron breaking-np 
bar, Fig. 203, which weighs about a ton, is then lowered, and 
by means of the percussion cylinder it is made to pound away 
at the boring head, until the latter is either driven out of the 
way into one side of the bore-hole, or broken up into such frag- 
ments as that, partly by the Bhell-pnmp and partly by the 
grapnels, the whole obstacle is removed. The boring is then 
proceeded with again, the same as before the accident. 

The same mishap may oQcur with the ehell-pump getting 
jammed fast into the boro-holo, as illustrated in Fig. 216 ; and the 
same means of removing the obstacle are then adopted. Kx- 
perienee has shown the danger of putting any greater strain 
upon the rope than the percussion cylinder can esert ; and it ia 
theretoiB nsnal to lower the grapnel rods at onoe, if the boring 



head or pump gets fast, thus avoiding the risk of breaking the 

The breaking of a cnttap in the boring head is not an nn«Mnn- 
mon occurrence. If, however, the bucket grapnel, or the email 
Bcreiv grapnel, Fig. 210, be empliiyod 

for its recovery, the hole is nsaaUy ,- ''''^/ ^'^f , , 
cleared withont any important delay. 
The screw grapnel, Fig. 210, ia ap- 
plied by means of the iron grappling 
rods, BO that by turning the rods the 
screw works itself round the cutter or 
other similar article in the bore-bole, 
and securely holds it while the rode 
are drawn up again to tbe surface. 
The bucket grapnel. Fig. 21i, is also 
employed for raising clay, ns well as 
for the purpose of bringmg up cores 
out of the bore-hole, where these are 
not raised by the boring head itself in 
the manner already described. The aC' 
tion of this grapnel is nearly similar 
to that of the claw grapnel, Fig. 207 ; 
the three jaws A A, hinged to the 
bottom of the cylindrical casing C, 
and attached by connecting rods to 
the internal block B sliding within 
the casing 0, arc kept open during the 
lowering of the tool, the trigger E 
being held up in the position shown in Fig. 214, by the long 
suspending link F. On reaching the bottom, the trigger ia 
liberated by the further descent of the link F, which, in haul- 
ing up again, lifts only the bow G of the internal block B ; so 
that the jaws A are mado to close inwards upon the core, which 
is thus grasped lirmly betwson them and brought np within the 
grapnel. Where there is clay or similar material at the bottom 
of the bore-hole, the weight of the heavy block B ia the grapnel 
causes the sharp edges of the pointed jaws to penetrate to some 
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depth into the materiAl, a quantity of whioh is thus enclosed 
within them and brought ap. 

Another gtapnel which Is also used where a bore-bole pOBsea 
through a bed of very stiff clay is shown ic Fig. 215, and 
consists of a long cast-iron cylinder H fitted with a sheet-iron 
mouthpiece E at the bottora, in which aio hinged three conical 
steel jaws J J opening upwards. The weight of the tool forces 
it down into the clay with the jaws open ; and then on raising 
it the jaws, having a tendency to fall, out into the clay and 
enclose a quantity of it inside the mouthpiece, which o 
brought up to the surface is detached from the cylinder H and 
cleaned out. A second moathpiece is put on and sent do^ 
working in the bore-hole while the first is being emptied, tha 
attachment of the mouthpiece to the cylinder being made by a 
common bayonet-joint D, so na to admit of loadily connecting 
and disconnecting it. 

A running sand in soft clay is, however, the most Berioua 
difSculty met with in well boring. Under such circumstances . 
the bore-hole has to be tubed from top to bottom, which greatly 
increases the oipenae of the undertaking, not only by tha cost 
of the tubes, but also by the time and labour expended in insert- 
ing them. When a permanent water supply is the main object 
of the boring, the additional expense of tubing tho bore-hole is 
not of much consequence, «s the tubed hole is more durable, 
and the surfaoo water is thereby excluded ; but in exploring for 
mineral it is a serious matter, as the final result of the bore-hole 
is then by no means certain. The mode of inserting tubes ha! 
become a question of great importance in connection with thia 
system of boring, and much time and thought baring been spent- 
in perfecting the method now adopted, its valuQ has been ppoTod. 
by the repeated success with which it has been carried out. 

The tubes used by Mather and Piatt are of cast iron, varyinS' 
in thickness from ^ to 1 inch according to their diameter, and 
are aU 9 feet in length. The anccessivo lengths are connected 
together by means of wrought-iron covering hoops 9 inohef 
long, made of the same outside diameter as tho tube, so as to 1m 
Basb with it. These hoops arc from ^ to ^ inch thick, and &i 
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ends of ench tube 
41 inches fn 



the 



3 reduced in diamotor by tummg down for 
jnd, to fit inaide the hoops, as shown in 



Fig 217 A hoop IB shrunk fast 
end of each tube, leaTing i^ inches of 
socket projocting to receive the end of the 
nest tube to be connected Four or six 
rows of screws with countersunk hoods, 
placed at equal distances ronnd the hoop, 
are s:.rewed throngh into the tcbes to 
couple tho two lengths secnrely together 
Thus a flush joint is obtained both insiile 
and outhide the tabes The lowest tuba le 
provided at the bottom with a steel shoe, 
having a sharp edge for penetrating the ^?jf^, 
ground more readily 

In small borings from 6 to 12 inches 
diameter, tho tubes are inserted into the 
bore-hole by means of screw-jacks, by tho 
simple and uiesponaive method hbown m 
Fige 2ia,219 The bormg machine foun 
datinn A A, which is of timber, is weighted i 
at B B by atones, pig irou, or any availahle 
material ; and two screw-jacks C C, each 
of about 10 tons power, are secured with 
the screws downwards, undemeBth the ng. an. 

beams D D crossing the shallow well E, which is always esca- 
vated at the top of tho bore-holo. A tube F having been lowered 
into the mouth of the bore-holo by tho winding engine, a pair of 
deep clamps G are screwed tightly round it, and the screw-jacks 
acting upon these clamps force the tube down into the ground. 
Tho boring is then resumed, and as it proceeds the jacks are 
occasionally worked, so as to force the tube if possible even 
ahead of the boring tool. The clamps are then slackened and 
shifted up tho tubes, to suit the length of the screws of tho 
jacks ; two men work the jacks, and couple tho lengths of tabes 
as they are successively added. The actual boring is carried on 
simultaneously within the tubes, and is not in the least im^d<^ 
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by their insertion, which simply InTolvee the labour i 
additional man or t^o. 
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A more perfect and powerful tube-forcing appnratus is 
adopted wheie tubea of from IB to 24 incliea diameter have to 
bo inserted to a great depth, an 
illustration of whioli is afforded 
by an extensive piece of work at 
the Horse Fort, standing in the 
channel at Gosport. This fort 
is a huge round tower, as shown 
in Fig. 220 ; and to supply the 
garrison wi th fresh water,abore- 
Lole is sunk into the chalk. A 
well A, consisting of 
cylinders 6 feet diameter, and 5 
ftiet long, has been sank 90 feet 
into the bed of the channel in 
the centre of 
the fort, and 

f A^> - ^°^ *^^ ^'" 

tn.^ a torn of thLs 

£ weU J8 on 18 

inch bore-hole 

B, which IB 

tubed the whole distance with 

cast-iron tubes 1 inch thick, 

coupled as before described 

The method of inserting these 

tubes is shown in Fig. 222. 

Two wrought-iron coIumnsC C, 

6 inches diameter, are firmly 

secured in the position shown, 

by castings bolted to the flanges 

of the cylinders A A forming 

the well, so that the two columns 

are perfectly rigid and parallel 

^ 1 " to each other. A casting ~ 

carrying on its under side two 5-iiioh hydraulic rams, 1 1 

4 feet length, is formed so as to slide freely between the columns, 
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which ftct as guides ; the hole in the centre of this casting is 
large enough to pass a hore-tube freely tiirough it, and hy 
means of cotters passed through the slots in the eohimns the 
casting ia securely fised at any height. A second casting E, 
exactly the same shape as the top one, is placed upon the top of 
the tubes BB to he forced down, a loose wrought-iron hoop 
being first put upon the shoulder at the top of the tube, large 
enough to prevent the casting E from sliding down the ontaide 
of tho tabes ; this casting or ciosshead rests unsecured on the 
top of tho tube and is free to move with it. Tlie hydraidic 
cylinders I, with their rftms pushed home, are lowered upon tlio 
crosebead E, and the top casting D to which they are attached 
is thun secured firmly to tho columns C by cottering through 
the slots, A small pipe F, having a long telescope joint, 
connects the hydranlio cylinders I with the pumps at the 
surface which supply the hydraulic pressure. 

By this arrangement a force of 3 tons on the square inch, 
or about 120 tons total upon tho two rams, has frequently boen 
exerted to force down the tubes at the Horse Fort. After the 
rams have made their fuU stroke of ahuut 3 feet 6 inches, the 
preBSUTB is let off, and the hydraulic cylinders I with tho top 
casting D, slide down the rams resting on the crosshead E, until 
the rams are again pushed home. The top casting D is then 
fixed in its new position upon the columns C, by cottering 
fust Bs hefore, and tho hydraulic pressure is again applied ; 
and this is repeated until the length of two tubes, making 
18 feet, has been forceil down. The whole hydraulic apparatus 
is then drawn up again to the top, another 18 feet of tubin" 
added, and the operation of forcing down resumed. The tubes 
are steadied by guides at G and H, Fig. 221, shown also in the 
plans. Fig. ii22. 

The boring operations are carried on uniatormptedly during 
the process of tubing, excepting only for a fow minutes when 
fresh tubes are being added. It will be seen that the cast-iron 
well is in this case the ultimate abutment against which the 
pressure is exerted in furcing the tubes down, instead of the 
weight of the boring machine -with stones and pig iron added. 
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BB in the case where the screw-jacks ore nsed : the hydranlio 
method was deeigned specially for the work at GoBport, and has 
acted most perfectly. Both tie cast-iron well and the bore-hole 
are entirely shut off from all percolation of sea-water, by firat 
filling up the well 30 foot with clay round the tubes, and making 
the tubes themselves water-tight at the joints at the time of 
putting them together. 

In the event of any ocoident Dccarring to the tubes while they 
aie being forced down the bore-hole, such as requires them to 
be drawn op again out of the hole, the prong grapnel. Fig. 212, 
is employed for the purpose, having three expanding hooked 
prongs, which slido down readily inside the tube, and spring 
open on reaching the bottom ; the hooks then project underneath 
the edge of the tube, which is thus raised on hauling up the 
grapnel. In case the tubes get disjointed and become crooked 
during the i>rocess of tubing, the loug straightening plug, Fig. 
213, consisting of a stout piece of timber faced with wrought- 
iron strips is lowered down inside them ; above this is a heavy 
cast-iron block, the weight of which forces the plug past the 
port where the tubes have got displaced, and thereby straightens 
them again. 

Although there are many localities where the geological 
formation is favourable to the yield of pure water, if a boring 
ba carried deep enough, yet it rarely haiipons that free-flowing 
wells such as those in Pans and Hull are the result. Gene- 
rally after the water-bearing strata have been pierced, the level 
to which the water will rise is at B<ime depth below the surface 
of the ground ; and only by the aid of pumps can the desired 
supply be brought to the surface. Various pumping arrange- 
ments have therefore been adopted to suit the different condi- 
tions that are met with. 

It is not the object of the present work to treat of the forms 
and fittings of pumps, and tho following details are only given 
as completing Mather and Piatt's system. 

It is always desirable to sink a cast-iron well, such as that at 
the Horse Fort, as nearly as possible down to the level at which 
the water stands in the bore-hole. The sinking of such a well 
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is rendered an easy and rapid operation, with the aid of the 
boring machine in winding oat the material &om the bottom, 
and keeping the sinkers dry by the use of the dip bucket, shown 



Dif) BujAft 



in Figs. 223 to 225, which will 
lift from 60 to 100 gallons of 
water a mionte, for taking off 
the surface drainage. A well 
having thus been made down to 
the level of the water in the 
bore-holc, the permanent pnmpB 
arc then applied to the bore- 
hole as follows, the size of the 
pnmpa varying according to the 
diameter of the bore-hole. Taking 
the caso of a IS-incb bore-hole, a 
pump barrel conaistingof aplain 
cast-iron cylinder, say 12 inches "' 

diameter and 12 feet long, as ahown in 
sectioii in Fig. 228, is attached at the 
bottom of cast-iron or copper pipes, 
which are \ inch larger in diameter 
than the pump barrel, and are 
together in lengths by flanges. Fig. 226. 
By adding the requisite nnmbor of 
lengths of pipe at the top, the pump 
barrel is lowered to any desired depth down the B^i^jSJi, 
bore-hole ; the nearer to the depth of the water- 
bearing strata the better. The topmost length of 
pipe has a broad flange at its upper end, which 
rests upon a preparation made to receive it on the 
cast-iron bottom of the well, as at in Fig. 228, 

A pnmp bucket D, Fig. 228, with a water pas- 
sage through it and a clack on the top side, is then 
lowered into the barrel, being euspcnded by a solid 
wrought^iron pump-rod E, whitjh is made up of 
lengths of 30 feet coupled together by right-and- r^e-^i"- 
left-band screw-couplings, as in Fig. 227. A second backet F 
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pump liariLl abtvt tiio fiist bntk t 
and IB snspendeil by hollow rois tr 
conpled together in the manner just 
descnh&d , the inRide diameter of tho 
hollow rode G beinf, such that tho 
couplings of the solid rods E mny 
pass freely through The pump-roda 
aro earned up the well A to the sur 
face nhora the hollcw rod cf the top 
bucket IS attached to the horizontal 
arm of a bell-crank lever H, Fig 
228 , and the solid rod of the bottom 
bucket paaamg up through the hollow 
rod of the top bucket is suspended 
from tho horizontal arm of a eecond 
reveraod bcU-orank lever K facing the 
first lever H. Ab tho ostremities of 
the horizontal arms of tho levers meet 
over the centre of the well, one of 
them is made with a forked end to 
admit of the other passing it. The 
rertical arms of the two levers are 
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coupled by a connecting rod L, and a reciprocating motion is 
given to them by meana of an oscillating steam cylinder M, the 
piston rod of wliicb is attacLed direct to tie extremity of one of 
the vertical anna ; a crank aud flywheel N are also connected to 
the levers, for controlling the motion at the ends of the stroke. 
With the proportion shown in the Figure of 3 to 4 between the 
horizontal and vertical arms of the bell-crank levers, the stroke 
of 5 feet 4 inches of the steam piston gives 4 feet stroke of the 
pump. The reciprocating motion of the reversed bell-crank 
levers causes the two huckets to move always in opposite dlrec- 
tious, 8o that they meet and separate at each strohe of the 
engine. A continnous flow of water is the result, for when the 
top bucket is descending, the bottom backet is rising and de- 
livering its water through the top bucket ; aud when the top 
bucket rises, it lifts the water above it while the bottom bucket 
is descending, and water rises through the descending bottom 
bucket to fill the space left between the tiro buckets. In this 
way the efi'ect of a double-acting pump is produraad. 

Although a continuouB delivery of water is thus obtained of 
equal amount in each stroke, it is found in practice that a heavy 
shock is occasioned at each end of the stroke, in consequence of 
both the buckets starting and stopping siniultanBously, causing 
the whole column of water to be stopped and put into motion 
again at each stroke. As an air-vessol for keeping up the 
motion of the water is inapplicable in such a sitaation, a modified 
arrangement of the two bell-crank levers has been adopted, which 
answers the purpose, causing each bucket at the commencement 
of its up stroke to take the lift off the other, before the up stroke 
of the latter is completed. By this means all shock is avoided, 
as the first bucket gently and gradually relieves the second, 
before the return stroke of the second commences. 

In this improved pumping motion, which is shown in Figs. 
229, 230, the two bell-crank lovers H and K, working the pump 
buckets, arc centred one above the other, the upper one being 
inverted ; the vertical arms arc slotted, and ore both actuated 
by the same crank-pin working in the slots, the revolution of 
the crank thus giving an oscillating movement to the two levers 
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through the exteat of the area shown by the dotted linee m Fig, 
229. The solid pump rod E Buepending the bottom bucket D 
is attached to the upper bell-crank lever K, and the hollow rod 
G of the top bucket is suspended from the lower lever H ; the 
crank-shaft J working the levers is made to revolve iu the 
direction shown by the arrow in Fig. 229, by means of geariug 
driven by the horizontal steam-engine P, 

The result of this arrangement is, that in the revolntion of 
the crank the dead point of one of the levers is passed before 
that of the other is reached ; so that the bucket which first 
comes to rest at the end of ita stroke, is started into motion 
again before the second bucket comes to rest. Thus in the 
lifting stroke of the bottom bucket worked by the upper 
lever K, the bucket in ascending has only reached the position 
ehown at D in Fig. 229, at the moment when the top backet, 
worked by the lower lever H, arriTes at the bottom estremity of 
its stroke, and tho bottom bucket D, which is still rising, con- 
tinues to lift until it reaches its highest position, by which time 
tho top bucket has got well into n:iotiou in its up stroke, and is 
in its turn lifting the water. 

Amebic AN Bopi-boeinq Ststkh. 

The method of boring with a lope received great develop- 
ment in Pennsylvania, U.S., where tho petroleum industry of the 
past thirty years has caused the prosecution of boring operations 
on a scale unknown elsewhero. As at present employed in the 
oil regions of tho United States it is thoroughly worthy of 
attentive study. The following excellent description is mainly 
derived from an account in Gone and Johns' ' Petrolia,' a brief 
history of the Pennsylvania petroleum region. 

Tbe derrick or sheer-frame employed is a tall framework of 
timber, the bottom from 10 tu 16 feet square and from SO to 
66 feet high. On the topis a strong framework for the reception 
of a pulley over which the drill tope passes. The floor of the 
derrick is made firm by cross sleepers covered with planks. A 
roof for the protection of the workmen is arranged some 10 or 
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12 feet above the floor, and in cold weather the sides are boarded 
up. On one side of the derrick a windlass of peculiar construc- 
tion called " the bull-wheel " is arranged, and on the other is a 
steam engine, giving motion to a connecting rod which rocks 
the lever, or working beam, and also by means of a belt to the 
bull-wheel. The arrangement indeed, very much resembles 
that of the boring sheer-frame in the frontispiece, if the windlass 
were detached, and with the lever arranged to be worked by 
power. 

The first thing in order, is to drive the iron driving-pipe 
fi^om 6 to 75 feet, generally from 20 to 50 feet. This pipe acts 
as a conductor, and prevents earth or stones from falling into 
the hole while the drilling is going on. The driving-pipe in 
general use is of cast iron, 6 to 8 inches in diameter, and 
1 inch in thickness, in lengths of 9 or 10 feet. The driving 
of this pipe is a work of difficulty, requiring the utmost skill, 
since the pipe must be forced down through all obstructions to 
a great depth, while it is kept perfectly vertical. The slightest 
deflection from a straight line ruins the well, as the pipe acts 
as a conductor for the drilling; tools. 

The process of driving is simple but effective. Two slide- 
ways made of plank are erected in the centre of the derrick to 
the height of 20 or more feet, 12 to 14 inches apart, with edges 
in toward each other, and the whole made secure and plumb. 
Two wooden clamps or followers are made to fit round the pipe, 
and slide up and down on the edges of the ways. The pipe is 
erected on end between the ways and held perpendicular by 
these clamps, and a driving-cap of iron fitted to the top. A ram 
is then suspended between the ways, so arranged as to drop per- 
pendicularly upon the end of the pipe. The ram is of timber, 
6 to 8 feet long, and 12 to 14 inches square, banded with iron 
at the lower or battering end, with a hook in the upper end to 
receive a rope. When the whole is in position, a rope is 
attached to the hook in the upper end, passed over the pulley 
of the derrick, down to and round the shaft of the bull- wheel. 
Everything is now in readiness to drive the pipe. The belt 
being adjusted connecting the engine and band-wheel, and the 
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rope connecting the band-wheel and bull-wheel, called tlie bnll- 
wheol ropi^, the m&climcry is pnt in motion, one man Btanding 
behind the hull-wheel shaft, grasping the rope attached to the 
ram, and coiled round the bull-wheel shaft, holds it fast, and 
takes np the slack in his hands, thus raising tho ram to itB 
required elevation, when it is let full upon the pipe, which by 
rejreated blows is driven to the reqaifiite depth. When one 
joint of pijw is driven nnother la placed npon it, and the two 
oitds secured hy a strong iron band, and tho process continued aa 
before. The pipe has to be cleaned ont frequently, both by 
drilling and sand pumping, or working the shell. Where 
obstacles such as boulders are met with, the centre-bit is put 
into requisition, and a hole, two thirds the diameter of the 
pipe, is drilled. The pipe is then driven down, the edges of 
the obstacle being broken by the force applied, the fragments 
falling into the hollow created by the passage of the bit. When 
thia cannot be done, the whole machinery and derrick is moved 
sufficiently to admit of the driving a new set of pipes, or the 
hole abandoned. It sometimes happens that the pipe is broken, 
or diverted from its vertical course hy some obstacle. The 
whole string of pipe driven, has to be drawn up again, 
or cnt out in the manner described, p. 93, and the work 
commenced anew. If this ia not possible, a new location 
is sought. 

After the pipe ia driven, the work of drilling is com- 
menced. The drilling rope which Is generally 1^ inch 
hawser-loid cable, of the required length, from 500 to 
1000 feet, is coiled round the shaft of the bull-wheel, 
the ontor end passing over the pulley on the top of 
the derrick down to the tools, and attached to them by 
a rope socket. Fig. 231. The tools consist of the centre- 
bit or chiael, anger-stem or drill-bar, jars, ainker-bara 
and rope-socket, which are shown arranged for work in j^^ jj, 
the order detailed, Fig. 237". When connected, these 
are from 30 to 40 feet ia length, and sometimes more, weighing 
from 800 to 1600 lb., according to depth reiiuired. Tho pro- 
cess of drilliug, imtil tho whole length of the tools are on, and 
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Fig. 232. 



suspended by the cable, is slow. When the depth required 
to suspend the tools is obtained below the surface, the at- 
tachment between the 
working beam and drill- 
ing cable is made by 
means of a temperj^screw 
suspended from the end 
of the working beam, 
and attached to the 
rope by a clamp. The 
temper screw. Fig. 282, 
^ is from 2 to 3 feet 

in length, made with a 
coarse thread, and works 
in a narrow iron frame, 
with a nut at the lower 
end of the screw for the 
driller to let out the 
same as required. As 
the drill sinks down into 
the rock, the screw is let 
down by a slight turn 
of the nut by the driller, 
some allowing a full re- 
volution every few blows 
of the bit, others once 
only in a few minutes, de- 
pending upon the hard* 
ness of the rock being 
drilled through. 

Figs. 233 to 237 are 
other tools connected 
with the system. Fig. 
233 is a pair of jars; 
Fig. 234 a lazy-tongs for the recovery of broken ropes ; Fig. 235 
valve socket or catch-aU ; Fig. 236 a flatkey ; Fig. 237 pipe 
clamps. 




Fig. 233. 
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The jars. Fig 233,attached to the auger- 
stem, play a highly important port m 
the work of drilling They are two long 
links or loops of iron or steel, sliding m 
each other Drillers always have shout 
from 4 to 6 inches play to the jars, which 
they call the jar, and by this they can 
tell when to let down the temper screw 



Fig. 235, Fig. I3fi. Fig. ail. 

With the downward motion the upper jar 
slides several inches into the lower one ; 
on the upward motion this is broaght up, 
bringing the end of the jars together with 
a blow like that of a heavy hammer on 
an anvil, making a perceptible jar. Ex- 
perienced drillers can, as soon as they take 
hold of the rope, tell how much "jar " they 
have on. 
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In drilling, the tools are alternately lifted and dropped by 
the action of the working beam on its rocking motion. One 
man is required constantly in the derrick, to turn the tools 
as they rise and fall, to prevent them from becoming wedged 
fast, and to let out the temper-screw as required. This is one 
of the most important duties of the work, requiring constant 
attention to keep the hole round and smooth. The centre-bit 
or chisel is run down the full length of the temper-screw ; 
it is about 3^ feet in length, with a shaft 2^ inches in 
diameter, and a cutting edge of steel 3 J to 4 inches in width, 
with a thread on the upper end by which it is screwed on the 
end 'of the auger-stem. The reamer is about 2^ feet in length, 
having a blunt instead of a cutting edge, with a shank 2^ inches 
in diameter, terminating in a blunt extremity 3^ to 4J inches 
in wid^Ji by 2 inches in thickness, faced with steel. The 
weight of heavy centre-bits and reamers average from 50 to 
75 lb. each. 

The centre-bit is followed by the reamer, to enlarge the hole 
to make it smooth and round. The sediment, or battered rock, 
is taken out after each centre-bit, and again after every reamer, 
by means of a sand pump let down in the well for the purpose. 
The sand pump now in use is a cylinder of wrought iron, 6 to 
8 feet in length, with a valve at the bottom, and a strap at 
the top, to which a ^-inch rope is attached, passing over a 
pulley suspended in the derrick some 20 feet above the floor, 
and back to the sand pump reel attached to the jack frame, and 
coiled upon the reel-shaft. 

This shaft is propelled by means of a friction pulley, con- 
trolled by the driller in the derrick, by a rope attached. The 
sand pump is usually about 3 inches in diameter. Some 
drillers use two, one after the centre-bit, and a larger one after 
the reamer, the two being preferable. When the sand pump is 
lowered to a requisite depth, it is filled by a churning process 
of the rope in the hands of the driller, and is then drawn up 
and emptied. This operation is repeated each time the tools 
are withdrawn from the well, the pump being let down a 
sufficient number of times to remove the drillings. The fall of 
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t)ie tools ia &om 2 to 3 feet. This labour goes on, first tools 
and then sand pump, until the well is drilled to the reiiuired 
depth. Abundance of water is found in tho wells, both for 
rope and tools, from the commencement. It flows in from the 
surface Teine, and from the larger onea below. 

TLe following are practical directions in employing the 
rope-boring ajBtem. 

The driller takes Lis seat on a high stool above tlte chosen 
spot, adjusts the drill with great care, and through tho con- 
dnotor-pipe, striking from thirty to forty blows a minnte. 

Bettveen the strokes the tools retinire to be moved round. 
With this is also continued a slight downward motion every few 
strokes, by a turn of the temper screw. 

The drill is kept moving up and down, cutting from 1 to 6 
inches and even 12 inches of rock and shale an hour according 
to hardness. At intervals the centre-bit is drawn up, badly 
worn and battered, and a reamer let down to enlarge the hole 
and make it smooth and round, and these are followed by the 
sand pump. 

The first few hundred feet are generally gone through without 
difficulty, provided all tho orrangoraents have been made with 
core at the beginning, and the drillers ate skilful. BifScultiea 
occur farther down that test to its utmost endarance the most 
persistent energy. 

Sometimes tbey ore attributable to a want of caution on the 
part of the driller, from imperfection in the material of, or 
improper dressing, or tempering tho drill, but more often to 
circumstances unforeseen and unavoidable. In its passage tlie 
drill not unfrequently dislodges gravel or fragments of hard 
rock, that have a tendency to, and often do wedge it fast in the 
hole, from which it ia only dislodged by the most persistent 

The reamer is also snbject to the same mishap, or a sand pump 
breaks loose from its rope, and has to be fished np. When the 
bit or reamer becomes so firmly imbedded as to render its 
removal impossible by jari'ing or breaking it in pieces, the well 
is abandoned. 
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SometimeB a bit or reamer breokB, leaving a piece of hard 
steel aeourely in the rock eeveral hundred feet below the snrface. 
Where the fragment is small, it is pounded into the sides of the 
well, and causes no farther annoyance. When it is larger the 
diffionlty is greater, and not unfrequently insurmountable. The 
bit or roamor sometimes becomes detached from the anger-stem, 
by the loosening of the screw from its socket. This difficulty 
is often greatly heightened from the fact that the workman may 
not be aware of its displacement, and for an hour or two be 
pounding on the top of it with the heavy auger-stem. Various 
plans are resorted to to extract the fastened tool, and a large 
number of implements have been deyised for fishing up the 
same. The first instrument used ie an iron with a thin 
cutting edge, straight, circular or semicircular, acting aa a 
spear, or to cut loose the accumulations round the top and 
along the gidea of the refractory bit or reamer, so as to admit a 
spring socket that is lowered by means of the auger-stem over 
the top of it, and lays hold upon the protuberance just below 
the thread. 

If the socket con be made fast, the power of the bull-wheel 
and engine is brought Into requisition, and in a great number of 
cascH it is brought to the surface. In the jarring and other 
operations rendered neceesarj in cases of this kind, the entire 
act of tools, 40 to 60 feet iu length, may become fastened, and 
cases are of frequent occurrence where two and even throe sets 
of teols have become fastened in a well, as thoy were succea- 
«vely let down to extricate the first ones. The difQculty 
described is liable to occur at any stage of the work, and its 
frequency increases with the depth. 

In addition to the difGculties mentioned, there is yet another, 
far more dreaded by the driller, ThiB is what is called a mud 
vein. It is a thin stratum of mud or clay, from one to eereral 
inches in thickness, generally met with at the depth of &om 
400 to 900 foet. Mud veina abound in most of the producing 
localities and not a few operators regard them as invariably 
indicating an abundant supply of oil. 

This mud or clay is of a most tenacious character, is highly 



aBnoying to the operator when drilling, &nd in many cases 
disastiona Thongh not deemed of much importance as an 
obstacle in the beginning of the development, the mud vein 
exhibits new features in diflerent localities. The mud suddenly 
flows into the well while the process of drilling is going on, 
eettling round the drill, bedding it as firmly almost as the rock 
itself. Its presence is often indicated to the driller by the 
sudden downward pressure on his rope. When drilling on or 
below it, the workman when about to withdraw bis drill, will 
have aesistance at the bull-wheel, and the instant the working 
beam ceases its motion, a few turns will be taken on the wheel, 
ao ae to raise the bit above the mud, as it sets almost as quickly 
as plaster of Paris ; sometimes this mnd will flow into the 
hole for a depth of twenty or more feet, burying as it were, 
the entire drilling tools and attBchments. This renders the 
jars useless. By attaching a cutting instrument to rods, the 
Fojie above the sinker-bar is cut, and then a spear-pointed 
iufitrmnent substituted, with which, by means of a light set 
of tools, the substance round the tools is forced from them, 
an estra pair of jars lowered, and efforts made to jar the tools 

The spear is sometimes shaped like a common wedge, faced 
with steel at the cutting edge, made thin, A half-circular 
instrument, made in similar manner, is also used. The mud 
socket, circular shaped with thin edge, terminating on the inside 
with an abrupt shoulder corresponds with the ordinary sheel 
or clay auger, and is used in a similar manner. 

A large number of appliances have been invented for the 
dislodgment of fastened tools, but many of these are very 
complicated. The main thing sought to have is an instru- 
ment that in the first place will remove the material round 
the top of the fastened implements, to be followed by others 
acting on the principle of a clamp sufficiently powerful to 
retain its hold and allow the jarriog of the tools loose, or 
the drawing of them up. 

One moat efl'ective instrument for the dislodgment of tools is 
in use. This consists of a number of heavy iron rods or bars. 
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similar to an auger-stem, weighing from 10 to 11 tons. It 
can be made of any desired length or weight. It is lowered 
over the head of the tools, and these screwed fast into 
a suitable socket arranged at the ends of the rods, and 
worked from the top. When a set of tools are fast, each 
separate piece is unscrewed, the apparatus acting as a leffc- 
handed screw. Each piece, as loosened, is brought to the 
surface. This is stated to be the most efficient device yet 
invented, and is in extensive use. By applying the fall force 
of the engine, these 2j^ inch iron rods are frequently twisted 
like an auger. They are lowered and raised from the top by 
jack screws. 

It vnll be seen that the system has many features in common 
with European practice. The centre-bit and reamers are but 
other names for variously shaped chisels, whilst the jars serve a 
similar purpose to that of the sliding joints illustrated at pp. 
134 and 136. As a cheap method of putting down deep bore- 
holes through shales, limestones, and soft rocks it is very 
useful, but it must certainly be supplemented by others when 
hard or troublesome beds are met with. 



The Dl^mond Drill. 

The diamond drill can be employed with advantage in 
boring for water, particularly where hard rock has to be dealt 
with. It depends for its action upon abrasion ; a nunoiber of 
diamonds are set in a steel crown, Fig. 245, which is attached 
to hollow rods. Figs. 240 to 244, and rotated at from 40 to 
300 revolutions a minute under pressure varying with the 
nature of the rock, from 300 to 800 lb. being applied with 
small holes, rising to as much as 1100 lb. for larger ones. 

The diamonds employed are a variety which is found massive 
in small black pebbles called "carbonardo" or carbonate, 
having a specific gravity 3*102 to3'416; they are pure carbon 
excepting 2 • 07 to 2 • 27 per cent. 

The boring machine consists of two vertical girders. Figs. 238, 
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239, OBrrying between them beariuge vhicli Bupport a hollow 
stem A of enfficient size to grasp and tnm the boring bars. 
ThiB stem has e. rotary motion imparted to it by means of an 
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inclinecl shaft S driven hy bevel gear, power bong transmitted 
by mettns of a belt B from the fly-wheel of a portable engine. 




Fig. 246 is of the older form of crown, and Figs, 240, 241, 
'43, 244, give details of the hollow rods and their oonneotiaDB, 



Fig, 244 is a section of a boro-hole ehowing the core in tlie 
interior of the lods. Fig. 242 ie the extractor nhicli is Bubsti- 
tnted for the diamond crown when the core is to he broken off. 
The detaiU of the diamond drill have been subjected to mnch 
improvement by J. B. Gulland, and in two impoirtant boringa 




described by H, J, Eunson, in the Proceedings Inst. C.E. 
1883, from whioh the following aeconnt is taken, Gullaiid's 
machine was the one nsod. Here the largest crown was 23 
inches in external diameter, and contained fifty stones. Laving 
an aggregate weight of more than 300 carats. The crown, 
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Fig. 246. 




Fig. 24t. 



Figs. 246, 247, is of improved 
construction, is screwed to the 
core tube, which serves to keep 
the drilling vertical, and contains 
the core as it is drilled. In the 
first size the core tube was 22j^ 
inches external diameter, 30 feet 
in length, and of wrought iron. 
The rods connecting the core 
tube with the surface machinery 
fit into a plate at the top of the 
tube, above which is a 5-feet 
length of tube of the same 
diameter, and open at the top. 
This receives the coarser par- 
ticles falling from the water flow- 
ing upwards after washing away 
the dSbrk in drilling, also any 
fragments which may be detached 
from the sides, thus preventing 
the crown from becoming clogged 
in the bore-hole. 

The boring rods are tubes of 
drawn steel, 3^ inches outside 
diameter, and | inch in thickness, 
in lengths of 5 feet, connected by 
steel collars. 

During the operation of boring, 
a continuous supply of water is 
pumped down through the hollow 
bore rods, to keep the crown cool 
and carry off the debris formed by 
the erosion of the strata by the 
crown. The water flows through 
channels cut in the face of the 
crown, rises on the outside of the 
core tube to the surfsMse, aiid is 
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collected in Bettlmg-pDuds, where tho Gediment ia depoBited. 
About 3500 gallons of water au hour were required, the water, 
after Bettlisg, being uBcd over agaui. 

The boring machinery on the surface was similar to the 
arrangement. Figs. 238 and 239, and consisted of a strong 
framework of wrought iron, having two principal pillars in 
front, one of cast iron, which forms the chief support of the 
upper part of the machine, which is also stayed by raking 
supports from behind ; the other, a circular upright shaft, 
running in a shoe at the bottom, aud a bearing at the top. 
This is the main shaft for transmitting the power from tho 
machinery to the rods by a system, of hovel wheels. 

Tho CFOsshcad fiom which the rods are immediately driven 
slides on tho circular shaft, and the motion to the rods is given 
by a wheel fixed to the crosshead, which works on the shaft by 
means of a feather key. The crosshead is thus en&blod to slide 
on the vertical shaft and follow the rods as they sink in boring. 
At the back of the two upright pillars, and between the raking 
stays, are thedifEerent parts of the hoisting apparatus for drawing 
and lowering the tools. When drilling, a load W, Fig. 238, 
is attached to counterbalance the weight of rods as the boring 
becomes deeper, the pressure on the orown being kept constant 
at about 10 cwt. 

The rods, on account of the height of the sheer-legs, cnnld be 
raised and lowered in lengths of 40 feet ; the men could raise a 
length of 40 feet by the machine, disconnect it, and lay it down 
in front of the machine in thice-and-a-half minutes ; the reverse 
operation, that of picking ono up, connecting it, and lowering it 
in the hole, could be accomplished in two-and-a-half minutes. 

The machine was worked by a 20-HF. portable engine, but 
40-5P. wore frequently indicated, and the drilling machine, 
weighing upwards of 20 tons, was repeatedly rocked to and fro 
under the great strain which hod to be exerted in freeing tools 
which had become fast in the bore-hole, when the drill worked 
unevenly on account of a small stone or other impediment under 
the face of tho crown, or when an. extra force was necessary to 
break off the core. The crown vras revolved at first at about 
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forty revolutions a minute, and thia speed was increased to as 
many as one hundred and fifty when in favourable strata. On 
a depth of 5 feet having been bored, the crosshead was discon- 
nected from the rods, raised to its full height, and a 5-feet rod 
inserted. 

After a length of core had been drilled, sometimes nearly 
80 feet, which was the limit that the core tube would contain, 

the tube and crown were drawn to the 
Fig. 248. surface, the crown was unscrewed, 

• and the extractor. Figs. 248, 249, 
fixed in its place. This tool consists 
of an annular ring of steel, 9 inches 
in depth, from the sides of which 
turning inwards are steel clutohes or 
toeth, it is lowered over the colmnn 
of core left standing in the hole, the 
projecting teeth laying hold of the 
core. The crosshead is next con- 
nected, and the core pulled asunder 
and drawn in the tube to the surface, 
and upon unscrewing the extractor 
the core can be removed. The hole 
is thus left clear and ready for the 
next drilling. 

Frequently the core, or part of it 
would be broken off and become fixed 
in the core tube, coming up with the 
crown when first drawn. A ring of 
Fig. 249. steel fitting inside the core-tube, and 

which clipped the core as it was 
drilled, was tried as an extractor, but owing to the oonb 
paratively soft nature of the clay it failed to grip it sufficiently* 
This ring was not tried in the harder strata. 

In the larger sizes nearly the whole of the core drilled was 
extracted, though in some cases the clay was washed away by the 
water pumped through the rods ; or if the core became broken, 
the two surfjAces would be worn by the broken piece revolving 
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^ith the tabe, vhich was particalarly noticed when tbe haxd 
and Boft beds alternated in quick aacoeesion, and when the core 
was eandetone large quuntitieB were thue lost. 

Table I., p. 188, giTCB the statiBtica of the boring through 
tbe different strata at Eottering Road, with the several eizes of 
crowns ; while Table II. costaioB the results obtained from a 
boring at Gaytoo, 5 miles Bonth-west of Northampton. 

The progress of the boring at Northampton was mnch 
hindered by ttccidenta and delays. The most numeroiis of 
these were caitBod by the breakage of the rods, the place of 
fracture usually being the collar, thoDgh in some cases the 
thread of the rods was stripped. When boring in the clay 
seven collars were broken, and in the qnartzite five ; five more 
in clearing out sediment, on accoimt of tbe fragments of the 
lock and small stones which bad fallen from the sides ; 
and two were also broken when estracting the core. To 
make the connection again when such an accident happened, 
the npper length of rods was drawn to 
the surface, and a bell tap, Fig. 261, 
attached, lowered, and revolved over the 
rods left standing in tbe hole; a screw 
was thus cat on the broken ends of the 
rods, to which tbe tap was firmly at- 
tached, and the whole of the rods drawn 
to the surface, and the broken collar re- 
placed by a new one. Two kinds of taps 
were nsed for this purpose ; one a bell 
tap for lowering over the rods, the other 
a taper tap. Fig. 250, for ineeitioa in the 
hollow of the rods. Upon one occasion, in recovering the rods 
which hod been broken, a second collar broke, the tap at the 
time being in the hole; fortmiately this second breakage 
occurred in the 24-inch pipes and in this case the water was 
withdrawn and a man lowered who made the connection. The 
time occupied in repairing such a.ccideEts varied from an hour 
or two, to sometimes more than a day. 
Beyeral times during the operation of boring small pieces of 
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Table I. — Bobing at Ejettkbing Boad, Nobthamptoh. 



DUmetar 

of 
Crown. 


Depth 
DrillnL 


Naniber of 

Days 

Drilling 

and 

Extracting. 


Average 
Depth 
a Day. 


Nature of the Strata. 


DiamAfenr 
of Core. 


Qoaotitj 

of 

Material 

EiZtncted. 


Inches 


feet 




ft. in. 




inches. 


percent. 


23 


77 


17 


4 6i 


Lias clay 


191 




20} 


97 


15 


6 5} 


»» 


16f 




18 


106 


16 


6 7J 


» 


14J 




15i 


55 


11 


5 


»» 


12J 




» 


68 


10 


6 9 


^Sandstones andl 
\ marls / 


99 


95 


w 


25 


15 


1 8 


Qnartzite 


99 


100 


»» 


20 


5 


4 


( Limestone and j 
\ shale / 


99 


98 



Table II. — Bobing at Gayton, South-West op Nobthampton. 



Dia. 
meter 

of 
Crown. 


Depth 
Drilled. 


inches 


feet 


18 


125 


15f 


148 


13f 


182 


11* 


117 


99 


63 


10* 


215 


J 


( 



Number 
of Days 
Drilling 
and Ez- 
tracting. 



11 
13 
17 
10 

8 



Number 
of Hours 
Drilling. 



25 



104 
127 
183 
100 

60 



ft. in. 
11 4 



213 



Average Depth. 



A 
Day. 



11 4 

10 8| 

11 8 

8 



8 7 



An 
Hour. 



ft. in. 

1 3 

1 2 

1 

1 2 



1 Oi 



1 



1 



Nature of the Strata. 



Lias clay 



99 



J9 



99 



{ 



Bed marl and 
sandstone 



} 



i 



Lower carbon- 'i 

iferous 
Limestone and 

shale 
Sandstones 



Dia- 
meter of 
Core. 



Quantity 

of 
Material 

Ex- 
tracted. 



inches 

iH 

12J 
9J 

99 



71 



i 



I>ercent. 
88 

90 

92 

88 

64 

84 
68 
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iron getting into tte hole necessitated the stoppage of work to 
estrftct them. These pieces had broken from tho top of the 
22J-ineh caat-iron lining tuhes. In lowering the tubes they 
hroke away &om the bayonet joint and fell a distance of 480 
feet to their position at the bottom of the hole. The tubes, 
which weighed upwards of 10 tone, passed through a bed of 
50 feet of accumulated sediment. In raising and lowering the 
tools they caught against the ragged top of the tube where it 
had broken from the bayonet joint, and thus fragments were 
broken off which fell to tho bottom. These pieces of iron, 
when drilling in tho clay, were, in the majority of cases, forced 
into the sides of the bore-hole ; hut in drawing tho 17-inch 
tubes to enlarge the hole, the sides falling in carried the 
fragments of iron with them, whicli in the harder bods became 
a source of great trouble. In the clay a wedge-shaped tool was 
used to cut a hollow in the bottom of the hole, and at the same 
time sweep the small pieces of iron into it ; the crown was 
then lowered and a length of core drilled and extracted, and 
the iron brought to the surface in the hoUow on the top of the 
core. In the harder beds, where this tool would not work, a 
heavy chisel was used, and the hole was jumped, tho sediment, 
with the iron, being extracted by a shell. Some of the iron 
was extracted by a plug of wood, which fitted into the core tube, 
being forced several times upon the bottom, causing numerous 
pieces to adhere to it. 

The core tube sometimes became clogged in the hole ; in 
this case the lifting chain was removed from the framework 
and replaced by a hemp rope 6 inches in diameter, reefed four 
times through blocks and attached to the windlass. By using 
this rope and blocks a more elastic and greater strain could be 
exerted ; but the rope was more than once broken before the 
core tube could be moved. 

For prospecting purposes and for holes of small diameter the 
diamond drill is arranged in a more compact form than in 
Fig. 238. A drill of this class is made by the Diamond Drill 
Company of Pennsylvania, where the engine is so arranged 
that its motion is transmitted direct to the bevel gears 
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turning the rods of the machine ; although small it is ^ery 
eifeotiye. 

Another modification which has oome under the writer's 
direct notice is that deyised by OLif Terp. The Diamond 
Bock Drill is nseless in soft days, and nearly so in loose 
gravels, and thin beds of this character very serionsly retard 
the progress of a boring. To obyiate this, Terp has inyented a 
steel borer head of pecnliar construction, which is substituted 
for the diamond crown when a soft stratum is met with. The 
hollow rods terminate in the centre of the borer head in the 
form of a nozzle, through which water under pressuie is 
injected, and so forces up to the surface, as mud, the material 
displaced at the bottom of the bore-hole. When rook is again 
reached the diamond crown is replaced. 




CHAPTER VIII. 



Fbbuian Sxbata. 



Durham, — Large qnantities of water are pumped &om the lower 
Permian sandBtone beneath the magneeiaD limestone of this 
county, and are used for the supply of the towns of Sunderland, 
South Shields, Jarrow, aod many Tillages. The quantity, cal- 
culated hy Daglish and Foster to reach 5 millions of gallons 
a day, is obtained from an area of 60 square miles overlying 
the coal measuree. The water level has not been lowered in 
the rock by these operations. Along the coast it is that of 
moan tide, and inland rises to a level of ISO feet. In the ooal 
measures below ihere is little water, and that little is saline. 
Sedgwick gives the strata as red gypseous marls, 100 feet ; tlii-ri 
bedded grey limestone, 80 foot ; red gypseous marls, slightly 
salt, 200 feet ; magnesian limestone, 500 feet ; marl slate, 60 
feet; lower red sandstone, 200 feet. 

Coventry. — Warwickshire, The town is supplied with 
750,000 gallons of water a day from two bore-holes made in 
the bottom of the reservoir. The bore-holes are respectively 
6 inches and 8 inches diameter, and 200 feet and 300 feet deep. 
The town is situated on the Permian formation, but Latham 
states that the supply is procured from the red sandstone, and, 
from observations made, it has been found that the two bore- 
holes yield water at the rate of TOO gallons a minute. 

TniAS St a AT A, 

Birienhead. — There are here several deep wells belonging to 

the Tronmere Local Board, the Birkenhead Commissioners, and 
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the Wirral Water Company, yielding together about 4,000,000 
gallons a day. Figs. 252, 253, show a section and plan of tiie 
No. 2 or new engine-well at the Birkenhead Waterworks. 
The shaft is 7 feet diameter for 105 feet, with a bore-hole 26 
inches for 35 feet, 18 inches for 16 feet, 12 inches far 99 feet, 
and 7 inches for 150 feet, or a total depth &om snr&ce of 405 
feet. The water level is ahout 95 feet from surface when the 
engine is not at work. At the upper water level shown in the 
26-inch hole, the yield was at the rate of 1,807,400 gallons in 
twenty-four hours, at the lower level at the rate of 2,000,000 
gallons in the same time. At the water level indicated in the 
7-inch bore, water was met with in large quantities. The old 
engine well is almost identical. 

Figs. 254, 255, are a section and plan, and Fig. 256, enlarged 
parts of the well at Aspinall's brewery, Birkenhead. It consists 
of a shallow shaft 5 feet in diameter, and steined, continued by 
means of iron cylinders 3 feet 3 inches in diameter and 50 feet 
in depth. When sand with much water of poor qnality was 
met with, a series of lining tubes was introduced from the point 
A A, the space between these and the cylinders being filled with 
concrete. The tubes were discontinued at the sandstone, and 
the lowest portion of the hole, 3 inches in diameter, is nnlined. 
The water overflows. 

Figs. 257, 258, are a section and plan of the well at Cook's 
brewery, Birkenhead. The shaft is 6 feet diameter, lined with 
9-inch steining, and is 66 feet deep. At 29 feet from sur&oe 
it is enlarged for the purpose of affording increased storage 
room for the water. There is a 16-inch pipe at bottom of shidft 
49 feet deep, continued by a 12-inch bore-hole 18 feet into the 
red sandstone. The water level is 27 feet from the surface of 
the ground. 

Birmingham, — Out of the 7,000,000 gallons a day supplied to 
the town in 1865 by the Waterworks Company, 2,000,000 were 
derived from wells in the new red sandstone. In that year an 
Act was passed authorising the sinking of several new wells, 
whereby the quantity has been greatly increased. 

Burton-on-Trent, — Fig. 259 is a section of the well at the 
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London and Colonial Brewery. Eitraordmarj' preoaatioDB were 
taken in constructing this well to obtain the water from the 
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lower strata perfectly free from admixture witli tliat from above. 
There is a steined shaft within which is an iron cylinder, and 
this again is lined with brick steining backed with concrete. 
The bore-hole, 182 feet deep and 4 inches diameter, is lined 
throughout with copper tubes. At the top the bore-hole is 
surrounded with a short tube upon which a thread is cut, so 
that if necessary a pipe may be screwed on and up to surface. 
The water rises to within 6 feet 3 inches of the level of the 
ground. Fig. 260 is an enlarged section of the arrangements 
at the top of the bore-hole, and Fig. 261 an enlarged section of 
the pipe joints. 

Coventry, — Warwickshire. The town is constantly supplied 
from 4 bore-holes, one of which yields at least 750,000 giJlons 
of water a day. Two of the bore-holes are respectively 6 inches 
and 8 inches diameter, and 200 feet and 800 feet deep, sunk 
through alternations of marl and sandstone. 

Crewe, — Cheshire. A very plentiful supply of water for the 
requirements of the town and works of Crewe is obtained from 
a well sunk in the new red sandstone. The water is said to be 
very pure, and from the analysis of Dr. Zeidler it appears that 
there are only 6 * 10 grains of solid matter to the gallon. 

Five Lane Ends, near Famworih, — Lancashire. Well 3 feet 
4 inches diameter, 86 feet deep, with bore-hole 3j^ inches 
diameter to a depth of 170 feet from surface. The water stood 
at 83 feet from surface, or about 52 feet above Ordnance datum. 

Strata;— Feet. in. 

Sandy Soil 33 

Very fine Yellow Sandstone 7 

Fine White Banded Sandstone, gritty in parts .. 38 

Fine Yellow Sandstone 22 

„ Hard Sandstone 8 

Loamy Sandstone 9 

Fine Sandstone, with " millet-seed " grain . . . . 7 

Light Green and Blue Clay 2 

Red Clay 10 

Bright Red Sandstone 3 

Uppek Coal Measures; — 

Purple Marl 10 

Dark Red Earthy Limestone 2 

Purple and Mottled Marl 2 

Carried forward 135 
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Feet In. 

Brought forward 135 

CalcareonB Marl 8 

Marl 8 6 

Green Clay 8 6 

Red Clay 4 

Marl 3 6 

Grey Limestone 16 

Argillaceous Limestone 2 6 

Red Marl 4 6 

Marl 9 

Total 170 



Parkside. — ^Lancashire. Well on property of Ijondon and 
North Western Eailway Company, 80 feet deep, with a bore- 
hole of 14 to 10 inches diameter to a depth of 296 feet from 
surface. Level of water, 69 feet from surfEiee. 

Strata ; — 

P£BBLE Beds; — Feet. 
Reddish-brown and White Sandstone, with quartz 

pebbles 110 

Gc^rse Brown Sandstone 4 

Fine Yellow Sandstone 1 

Grey Sandstone, with pebbles 4 

Fine Red Sandstone 3 

Grey Rock and large pebbles 3 

Fine Red Sandstone 3 

Fine flaggy and micaceous Yellow Sandstone . . 16 

Loam, with fragments of grit 1 

Reddish Loamy Sandstone 5 

Red Marl 32 

Fine Bright Yellow Sandstone 2 

Fine Red Sandstone 1 

Fine Pale Red and White Sandstone 7 

Fine Brown Sandstone • 8 

Red Marl 4 

Soft Brown Sandstone, with " millet-seed " grain . . .3 

Fine Grey Sandstone, nodules of iron pyrites . . 13 

Light Red Sandstone 3 

Fine Brown porous Sandstone, plenty of water . . 47 

Coarse Light Brown Sandstone," millet-seed '* grain 6 
Concretions of ** Millet-seed " Sand, cemented by 

iron pyrites, generally yellow or copper-coloured 2 

Bright Red porous Sandstone " millet-seed " grain 12 

Lumpy Ferruginous Sandstone 1 

Upper Coal Measures ; 

Purple and Green Mottled Marls 5 

Total 296 
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PrMcot. — Lancashire, neighbourhood of. The following 


table coQtainB a liBt of the prinoipal wells of the district, which 


draw their supply from the new red sandstono. The water in 


obtained from tlie three subdivisione of the Banter which, 


though varying locally in texture, may bo regarded as porous 


throughout. The water level in this maes of roek forms a 


slightly undulating plain higher inland than at the aea coast, 


and rising under high ground. 


U«dltj. 


W^ 1 Bc«.,«,l. 




PtiBpal J 








o.d" 




DepUi. 


J^V. 'DepttL 


Tf^r. 




J 






feet [Hi 




UA 


K.llon. 1 


DuiilowLone 


247 


12x9 


l%6 


"l8 


198 


1,240.440 1 


, lioUeVale 








4 


52 


58.000 1 


Netlierlee Bridge .. .. 










37 


45,000 












37 


a50,000 


Cronton 










G5 


800,0(10 


Whijton 


225 


9 


S7 


18 


200 


938,000 


„ auiiliary 


225 


10-5 


240 


18 




LittonA 


50 


10 






To 






30 


10 


270 


24 


15 




ErelestonHiii '.'. '.'. '.'. 


210 


10 


178 




260 




■WiDBickA 


60 




200 




110 






50 














IDD 


— 


251 


6 


15 


240,000 








260 




35 


18,000 


Uatball, DeaouD & Co. a .. 


3D 


5 


825 


"3 


ID 






S<l 


12 


639 


4 




500,000 




37 


S 


429 


9xe 






Mathieson&Co '.. 


30 


4-S 


336 


6 


10 


4,000 


Sullivan 4 Co. A 


68 


6 


338 


4 


25 


140,000 




tio 


10 


849 


14 


15 


600,000 


Watringlon Wire Oo. .. .. 






212 


18 




63,360 


Hoberta, Dale * Co 






225 


9 




28,000 


Jas-Onenft Co., Winwiok.. 






212 


18 




461,000 


Buaconi Watcrworka .. .. 


300 


21x8 


93 


14 


250 


380,000 


Preston Broot.— Lancashire. WeU at the tan-yard, 9 feet in 


diameter to a depth of 51 feet from the snrfaoe, with a bore-hole 


to a farther depth of dOi feet. The water stands at 62 feet 
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Section as follows ; — 

Glacial Deposits; — Feet. In. 

Bed Clay 34 

Sand 12 6 

Stony Bed Clay 136 6 

Bed Marls; — 

Bed Marl 9 

Sandstone ' 6 6 

BedMarl 15 6 

Bed Sandstone 13 

Marl 4 

Sandstone 6 

Marl 3 

Sandstone Marl 199 

Hard Sandstone 6 

BedMarl 5 

Sandstone 5 

Total .. 455 



This boring probably ended in the waterstones. 

Winwich — ^Lancashire. Well at Warrington Waterworks, 
9 feet in diameter to 127 feet 5 inches, with a bore-hole oi 
14 inches diameter to end ; — 

Strata;— Feet. in. 

Fine-grained Sandstone <* pebble beds " 127 

Compaot Sandstone, with large round grains 

throughout, and including a bed of shale .. . . 45 

Bed shale 10 5 

Fine-grained Pale Bed Sandstone 6 

„ „ Grey Sandstone 2 

Bed Shale and Calcareous Sandstone 11 

Hard Fine-grained Calcareous Bed Sandstone .. 11 

Shale .. 2 

Bed Sandstone, with fragments of shale, hard 

towards bottom 15 

Shale 31 7 

Soft Sandstone 10 5 

Fine Bed Sandstone 6 

Soft Grey Sandstone, with iron pyrites . . . . 21 7 

Very Soft Bed Sandstone, bands of shale . . . . 810 

Bed Shale IX 

Calcareous Green and Purple Marls 19 

Fine-grain Bed Micaceous Sandstone 5 

Carried forward 3^5 q 



BronRht forward 
Dark Oreen and Purple Shales 

„ Red Calcareous Marl 

„ ItedSbale 

„ Calcareous Marl 

LimestUDe 

Tola! 



4ia 



Leamington. — The well in this town ia situftted at the foot of 
Newbold Hill, and is 6 feet in diameter and Bunk to & depth, of 
50 feet. At the hottom of the well a bore-hole, part of the way 
IS inahee and the remainder 12 inehee in diameter, is carried 
down 200 feet. It pasaeB through, alternating heds of marl and 
sandstone, and the eurfaee water met with has been bricfced ot 
puddled ont. The yield is about 320,000 gallons in twenty- 
four hoare. Previously to this well being made, a trial boring, 
of which Figs. 262, 263, are sections, was made. This boring 
was lined with iron tubes 9 inches in diameter for 17 feet, inside 
thig 8 inchoa in diameter for 22 feet 9 inches, and within this 
again a 6-inch tube. It was continued by a. S-inch bore reduced 
to 4^ inches, and at bottom to 3 inches. 

Liverpool, — The oldest wells are at Bootle,to the north of the 
town ; these consisted in the first isstanee of three lodges or ex- 
cavations in the rock, covering abont 10,000 feet super, and about 
26J^ feet deep. These were covered with timber or slate roofs, 
and in them sixteen bore-holes were sunk, of various diameters 
and at depths ranging from 13 feet to 600 feet. In 1850 the 
yield of one of these bore-holes was 921,192 gallons in twenty- 
four hours, and the total yield in the same time only 1,102,065. 
The water was collected in the lodges and conveyed by a tunnel 
255 fee+ to a well 8 feet in dianceter and 50 feet deep, from 
which it was pumped. The yield of the Bootle well in 1865 
was 643,078 gallons a day. Since this time a new well of oval 
form, 12 feet by 9 feet and 108 feet deep, has been sunk, and at 
its completion the yield rose to 1,575,000 gallons a day, hut it 
has again diminished considerably. 

The Oreea Lano wells were commenced in 1845, the surface 
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being 144 feet above ibe sea leyel and tbeir depUi 185 feet^ or 
41 feet below tbe sea level Headings extend in all about 300 
feet from tbe sliafts in various directions, three separate shafts 
being carried np to tbe sorfiEtce. At first the yield was 1,250,000- 
gallons a day. A bore-bole, 6 inches in diameter, was then 
driven to a depth of 60 feet from the bottom of the well, when 
the yield increased to 2,317,000 gallons. In Jane 1856, the 
bore-hole was widened to 9 inches and carried down 101 feet 
farther, when the yield amounted to its present snpplj of over 
3,000,000 gallons a day. 

The large quantity of water yielded by the Oreen Lane wellB 
is probably due to the existence of a large fanlt which is con- 
sidered to pass in a north-westerly direction by the wells. In 
1869 a bore-hole, 24 inches in diameter at the top and diminish- 
ing to 18 inches in diameter, was sunk from the bottom of a 
. new shaft, 174 feet deep, to a depth of 310 feet, and the addi- 
tional quantity of water derived from the new hole was about 
800,000 gallons a day. 

The Windsor Station well is of oval form, 12 feet by 10 feet 
and 210 feet deep, with a length of headings of 594 feet, and 
a bore-hole 4 inches in diameter and 245 feet deep. The yield 
is 980,000 gallons a day. 

The Dudlow Lane well is also oval, 12 feet by 9 feet, and 
is sunk to a depth of 247 feet from the surfiEtce of the ground. 
Headings have been driven from the bottom of the well for a 
total distance of 213 feet, and an 18-inch bore-hole has been 
sunk to a depth of 196 feet from the bottom of the well, which 
is chiefly in a close hard rock, with occasional white beds from 
which the water is mainly obtained. The yield ia nearly 
1,500,000 gallons a day. 

The total weekly supply from wells in Liverpool is npwards 
of 41,000,000 gallons, and there are also a great nnmber of 
private wells drawing water from tbe sandstone, and their 
supply may be roughly estimated at 30,000,000 gallons a 
week. 

Longton. — Staffordshire. The Potteries obtain a portion of 
their supply from a series of wells at Longton, which are 
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shown in the diagnunnuitic Becdonal plim, Fig. 264. The well 
marked No. 1 ia 12 feet in diameter, and 186 feet deep in the new 
red saadetone. When finished, the water rcwe to within 36 feet 
from the Burfoce. The cost of the first 4,6 feet waa SI. 10& ■ 
yard ; of the aecond 46 feet, 61. lOa. a yard ; and tiie third 
16 feet, 91. a yard. When this well was 86 feet down, a large 
quantity of water was met with, so a heading was driven at thai 
depth in the direction of No. 2 well ; this, after 30 feet, passed 




through a &ult which drained off the water, and the ainbing of 
No. 1 was proceeded with. After the engine had been eieoted 
and pnmping some short time, it was proposed to drive head- 
ings from the bottom ; but owing to the pomps taking up so 
mnch room in the shaft, there was not space enough for ink- 
ing operations to be carried on, and No. 2 well was therefon 
sunk for convenience sake, at the cost of abont 30«. a yaid 
When No. 2 was down 64 feet, a trial bore-hole 3 inobe« dia- 
meter was put down, and water lose in a jet about 3 feet high. 
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The well was then continued to the level of No. 1, and a head- 
ing, 39 feet long, driven between the two ehafta. No, 2 has 
now B. 12-inch bore-hole at bottom. 

Headings have also been driven W, and N. of No. 2 well, at 
a cost of 30«. a yard. The western heading is 213 feet long, 
driven with a slight rise, and gave much water. There are two 
headings N., running in the direction of the railway, one over 
the other. The lower was driven level with the bottom of the 
shaft, but no water met with ; tbe npper is 3G feet from the 
surface, and is intended to carry away surplus water down to a 
line of earthenware pipes which are led along the railway to a 
low-level reservoir. 

In the eastern heading there ia a rise of 4 feet owing to the 
nature of the strata ; and after it bad been driven 510 feet, well 
No. 3 was sunk for ventilation and for drawing out matorial. 
A bed of very hard sandstone, 63 feet long, was passed, cost 
il. 10s. a yard, and beyond cam© marl, in which driving cost 
45«. a yard. This heading was continued 330 feet beyond 
No. 3, and an air-hole 3 inches diameter put down 126 yards 
deep, hut no water was met with. The bed of hard sandstone 
was also found in driving the lower W. heading, which was dis- 
continued after going into it somo 5 or 6 feet. The yield from 
these woUs is about 600,000 gallons a day, and recently a new 
bore-hole at No, 3 well, when down 350 feet, gave some 380,000 
gallons a day additional. 

Leek. — The Potteries' waterworks have also wells at the 
Wallgrange Springs, near Leok i these rise from the conglo- 
merate beds, and are stated to yield 3,000,000 gallons daily. 
The water from those springs is pumped into Ladderidge 
reservoir, and is diatributod from thence into the town of 
Newoastle-under-Lyme and the Potteries, 

Middlesborough. — The Figs. 265 to 268 are sections and plans 
of B well at the works of Messrs. Bolckow and Vaughan, 
Stiddlesboieugh. A trial hole was first put down to a depth of 
398 feet 6 inches, and a shaft afterwards snnk by Mesara. Doewra 
and Son to that depth, through alternating beds of clay, sand, 
gypsum, and sandstone. At the bottom of the sbaft a bore- 
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Will a* Bouieow Anr TiuoBin'i, HnmLnBOBOiraB. 




Fig. 3fiT. 

hole of 18 inchesdia- 
meter thiouglioiit was 
made with Matlier 
and Piatt's apparatus 
to a depth of 1312 
feet ; tbe first 1160 
feet of which were 
through new red eand- 
atone interepereed 
■with beda of clay, 
white eandstoue, red 
marl, and gypBum. 
Next came 40 feet of 
gypemn, hard white 
EaadBtone, and lune- 
stone , and the re- 
mammglOO foet were 
through red sand- 
stone, pure Bait rock, 
occasional layers of 
luaestone, and then 
salt rock to the bot- 
tom. Tho groBs time 
spent in sinkiiig this 
laotfe-hole was 610 
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of 2 feet 5 inches a 
day 

Boss — HereftrJ 
Bhire The well at 
the Alton Court 
Brewery le shown m 
Figs 2b9, 270 The 
ahaft, 5 feet m diar- 
meter and 27 feet 
deep la Btoiaed with 
9 inch bnckwirb for 
a diatance of 17 feet 
At the bottom le a 
12 inch' borehole 
100 feet 9 mchei 
deep, iinlmed The 
water is abundant 
At level of the bore 
a heading 6 feet high 
6 feet wide, and 27 
long Las been driven, 
to afford storage room 
Woherhamplon — 
This t>wu 18 par 
tially supplied from 
wells sunk in the 
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new red sandstone. There are 



Fig. 269. 
Well at Roes, 

HBKSVOSDtHIRB. 




k...m9 



20.0' l\ 11 



i 



Fig. 270. 



two shafts, 7 feet in diameta 
and 300 feet deep, a heading 
459 feet long, and in this a 
boring of 390 feet. The yield 
when first completed was 
211,000 gaUons a day. 

Scarborough. — The water- 
works well is at Osgodbj ; it is 
about 160 feet above the sea 
level. The shaft is 10 feet 
diameter, and 91 feet deep, 
continued by a 6-inch bore- 
hole 136 feet deep. There are 
three headings, of a total 
length of 70 yards. The yield 
is from 600,000 to 800,000 
gallons in the 24 hours ; the 
water level varies, bnt is na^ 
mally 70 feet from surface 
The surface-springs in the 
cover of drift have been en- 
tirely excluded by backing the 
steining of the shaft with 
puddle. 

SU Helens, — liancashire. 
Supplied with about 1,750,000 
gallons of water daily from 
two wells, each abont 210 feel 
deep; the well at Ecclestonc 
Hill in pebble beds, and the 
well at Whiston in the lower 
mottled sandstone. £]ach well 
has a bore-hole at the bottom. 

Oolitic Strata. 
Exeter. — Devonshire. Well 
at Silverton. There is a shaft 
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5 feet diameter, and 20 feet deep, continued by a 6-incli bore- 
hole to a total depth of 237 feet. Water level at 23 feet from 
the surface ; yield, 100 gallons a minute. 

Strata prom Bore-hole; — Feet. In. 

Sand 94 8 

Rock 26 11 

Marl 29 4 

Clay and Greensand 30 

Gravel 4 9 

Hard Clay 16 

Rock 15 10 

Total 216 10 



Northampton. — The well at the waterworks is sunk and bored 
253 feet 3 inches in the lias. The shaft is steined with brick- 
work and iron cylinders in the following order: for 16 feet 
9 inches in depth the well is 7 feet 6 inches in diameter, lined 
with brickwork ; at this depth two cast-iron cylinders 5 feet 
6 inches diameter are introduced, which are again succeeded 
by 9-inch brickwork, commencing at 5 feet 6 inches internal 
diameter and widening out to 7 feet 6 inches in diameter. 
The bottom of the shaft is floored with bricks at a distance of 
120 feet from surface. At this point the bore-hole commences, 
and for the first 31 feet it is lined with 14-inch pipes, which 
rise into the shaft 5 feet above the floor. The remaining portion 
of the bore-hole, 102 feet, is 9 inches diameter. 

Selby. — Yorkshire. Well at waterworks consisting of a 6-inch 
bore-hole 330 feet deep, yielding about 243,000 gallons in the 
twenty-four hours, water level 4 feet from surface. The strata 
passed were — 

Feet. In. 

Warp and Clay 10 

Strong Clay 10 6 

Sand and Clay 14 8 

Strong Clay 7 10 

Clay and Silt 8 9 

Grey, or Loose Water Sand 7 9 

Red Sand 6 6 

Carried forward 66 
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Fleet Li. 

Brought forward 66 

Indurated Sand 16 

Bed Sandstone 54 6 

Bed Clay and Fullers' Eeuih, with pipe-olay .. 5 

Bed Sandstone 203 

Total 830 



The pebble beds have been bored throngb at yarions points 
between Nottingham, Eetford and Selby, and are directly OTer- 
lain by the water-stones, the npper mottled sandstone and Reaper 
conglomerate being alike absent. North of Selbj the pebble 
beds also have thinned out, and the Eenper water-stones and the 
lower mottled sandstone are alone available for undergroimd 
water-supply in the plains of York. 

York. — Well at Towthorpe Common, 60 feet above Ordnance 
datum. Consists of a 9-inch bore-hole 811 feet deep, this 
was subsequently plugged and reduced to 210 feet. Yield 
abundant. The section is as follows : — 

Feet. In. 

Top Sand 4 6 

Fine Clay 15 

Boulder Clay 15 Q 

Loamy Sand 6 

Fine Warp Clay 9 

Grey Sand 10 

Boulder Clay 4 

Greensand 16 

Greensand, with layers of blue bind 18 

Blue Bind or Marl 19 

Light Greensand, with blue bind 35 

White Sandstone 5 

Blue Bind 10 

Bed Marl 2 

White Sandstone 81 

Blue Marl 6 

White Sandstone 23 

Blue Marl 3 

Variegated Sandstone 60 

Bed Marl 3 

Total 310 



Saltouj near Malton. — Well 150 feet above Ordnance datum, 
is a bore-hole 4 inches diameter, 816 feet deep; the water 
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flowB out at Burfaoe. It passes made earth and about 15 feet 
of fluviatile drift, ooutinned by 295 feet of Eimmeridge clay. 

Saanage. — Dorset. The section and Fig. an 

plan. Figs. 271, 272, are of a weU at ^^ ^^ ^^^^^'^ ^^^ 
Swanage, suiik 60 feet and bored 53 
feet, the lining tube rising 8 foot into 
the shaft, which is S feet 6 inches in 
diameter, and lined with 9-inch stein- 
ing. The strata passed througli are ^ <^ 
clays and limestones, and may perhaps 
be referred to the Pnrbeck beds. At 
first this well yielded little or no water, 
but it now gves a sufficient supply 



wells a 



ftboye E 









Cbbtaokoos Strata 

8 Norfolk. Waterworks the 
e s tiiated abont three-quarte s 
a le 8 of the town at 100 fee 
i leveL Water first ocou red 
ill the beds at 80 feet from surface of 
(Tood ual ty at a farther depth of 10 
fuet be supply gave 21 000 gallons a 
day w thout lower ng the top water 
level T! 8 8 the water bearing stratum i — ^I^^^^^IZm 
penoriilly around Beccles, most of the r^-j/^^""^ 
wells being sunk into it. There are two [25~^^^^^ 
wells at the waterworks very similar in 
faction, both are carried into the chalk, 

whicli yields an abundant water supply. The details given 
bolow are of well No. 2, consisting of a shaft to a depth 
of 91 feet continued by a 9-inch bore-hole ; — 

Strata ; — Fret. 'n. 

Vegetable Soil 10 

Chalky Boulder Clfty 10 3 

Middle GUoial Beds 17 9 
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Feet In. 

Brought forward 29 

Bure Valley Beds, Gravels, and Sands . . . . 33 

Sands and Loam, with much iron 15 

White Yellow Sands, with loam 14 6 

Fluvio-Marine Crag 65 6 

Chalk, with flints 73 

Total 230 

Becclea. — ^Well at Worthington and Ca's ; — 

Feet 

Gravels and Sands 58 

Chalk, upper part like pipe-clay 26 

Total 84 

Bishop Stortford, — The waterworks and well are situate \ 
of the town, near the farm buildings known as Marsh Ban 
The shaft is 160 feet deep, the bore-hole 14=0 feet. Tl 
following is a section of the strata ; — 

Feet 

Boulder Clay 17 

London Clay, 54 feet ; — 

Brown Clay 14 

Black Clay 2 

Black Sandy Loam, with iron pyrites 12 

Black Clay, with lignite IX 

Dark Grey Sand, with large pieces of sandstone and 

shells 15 

Beading Beds, 45J feet ; — 

Black Clay 2 

Brown Clay 20 

Light Brown Sand X 

Variegated Sand X8 

Brown Clay 4 

Flints and Pebbles 1 

To Chalk 117 

Chalk X83 

Total 800 

The water rises to within 140 feet of the surface of ti 
ground. The yield is 10,000 gallons a minute ; only 25 galloi 
a minute from the bore, the rest from the headings diin 
north and south respectively at a depth of 154 feet. 
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Braintree, — Essex. The well sunk for the Local Board is 
in a field near Pod's Brook. The shaft is 8 feet in diameter, 
steined with 9-inch steining, and carried down 55 feet, the 
remainder of the well being bored. Strata ; — 

Drift, 14 feet ; — Feet. 

Sandy Gravel 5 

Drift Clay 9 

London Clay, 136 feet ; — 

Clay, with sand, shells, and septaria, the bottom part 

more sandy 126 

Dark Sand, with a few shells, yielding much water 10 

Beading Beds, 45 feet ; — 

Mottled Plastic Clays, getting more sandy lower 

down, and with specks of chalk 44 

Coarse Black Sandy Clay 1 

Thanet Sand (?), 33 feet;— 

Light-coloured Sands, firm and hard, getting darker 

and more friable lower down iO 

Light-coloured Sands, firm, changing to coarse and 

dark 13 

To Chalk 228 

Chalk, with much water, rising to about 12 feet from the 

surface 17 

Total 245 



The level of the ground is 140 feet above the sea level ; water 
stands 29 feet deep ; yield about 11,500 gallons an hour. 

Brighton, — This town has always been supplied from wells 
sunk in the chalk. One well is sunk near the Lewes Eoad, and 
has a total length of 2400 feet of headings driven in a direction 
parallel with the sea, and at about the coast level of low water. 
These headings intercept many fissures and materially add to 
the yield. 

A second well was sunk in 1865 at Goldstone Bottom, and 
headings driven to the extent of about a quarter of a mile 
across the valley parallel to the sea. 

Goldstone Bottom is a naturally formed basin in the chalk, 
the lowest side of which, nearest the sea, is more than 60 feet 
higher than the middle or bottom of the basin. The water 
is obtained as at Xiewes Eoad, from fissures running generally 
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Ht right angles to the coast line, but they are of much larger 
bizo and at far greater distances from each other ; whereas at 
the Lowes Eoad well it is rare that 80 feet of headings were 
driven without finding a fissure, and the yield of the largest 
\viiK not more than 100 to 150 gallons a minute. At Groldstone 
nc-urly 160 feet wero traversed without any result, and then an 
enormous fissure was pierced which yielded at once nearly 1000 
gallons a minute ; and the same interval was found between this 
and the next fissure, which was of a capacity nearly as large. The 
total length of the headings at Goldstone Bottom is 13,000 feet. 
The yield from each well is ahout 3,000,000 gallons daily. 

Bletchingly. — Surrey. Well at Highfield, and bore-holes io 
the lower greensaud, sunk under the writer's superintendence. 

Water is found at 45 feet from surface at the house, and from 
r)5 to 59 feet from surface in various parts of the grounds 
The yield abundant, so far as tested, upwards of 300 gallons ai 
hour. 

Section at Bore-hole No. 1. 

Feet. In. 

Surface Soil 10 

Clay 5 

Sandgate Bkds, G.^ feet ; — 

Hard and Soft Sandstone 15 4 

lirown Clay 5 4 

Sandstone and Sand 14 3 

Fullers' Earth, mixed with sand 2 8 

Clay and traces of Fullers' earth 5 8 

Dry and White Clay 1 () 

Fullers' Earth 2 

Blue and Grey Sandstone (AarJ) 5 3 

Fullers' En rth 3 2 

Clay and Sand 2 10 

Fullers' Earth 4 « 

Sandstone 2 10 

Fullers' Earth 2 



rii 



Total 71 



Chelmsford, — The well belonging to the Local Board o 
Health, situated at Moulsham, yields about 95,000 gallons a 
water a day. It is sunk for 200 feet ; the rest bored. Watei 
overflowed at first, but now that the well is in use and pnmpec 
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from, the water only rises to 76 feet from the surface. The 
following strata were pierced ; — 

Feet. In. 

Black Soil (Mould) .... 3 

Drift, 63 J feet ;— 

Yellow Clay 2 6 

Gravel 12 6 

Quicksand 44 6 

Sand with Stones 4 

London Clay, 186J feet ; — 

Clay 104 

Clay, with sand .. 50 

Dark Sand 12 6 

Clay Slate (? septaria) 9 

Clay and Shells .. .. .. 4 

Clay Slate (? septaria) ' l, ' .. ..' S 

Dark Sand and Clay , .. 9 6 

Sand and Shells .. 4 

Pebbles 16 

Woolwich Beds; — 

Sand 7 

Red Clay 12 

Clay and Sand 64 

Dark Thanet Sand 30 

To Chalk 366 

Chalk, 202 feet;— 

Chalk 88 

Rubble 10 

Chalk 113 

Total 568 



CJieshunt, New Biver Company, — Situate at the engine-hoiise 
between the two reservoirs. The well is 171 feet deep, and is 
steined partly with brickwork and partly with iron cylinders. 
For 12 feet in depth the well is 11 feet 6 inches in diameter, 
and steined with 14-inch brickwork ; for a farther depth of a 
few feet it is 9 feet diameter, and steined with 9-inch brick- 
work ; it is then lined with cast-iron cylinders, 8 feet diameter, 
which are carried to a depth of 105 feet from the surface. 
There are fifteen cylinders of this size in use, and they are suc- 
ceeded by others 6 feet 10 inches diameter, of which there are 
six in use ; these are again succeeded by two cylinders 6 feet 
diameter. The whole of the cylinders are 6 feet in depth. The 
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bottom of tbo last cylinder is 118 feet from the Burfaoe, at wliicli 

point they rest upon a foundation of 9-inch biiok steining 7 feet 

in depth. At the bottom of the 6-feet cylinders the well widens 

out in the form of a cone 12 feet 6 inches diameter at the floor, 

which is 26 feet below the bottom of the 6-feet cylinder. In 

the centre of the well a bore-hole, 3 inches diameter and 27 feet 

deep, was made, and the well is provided on the floor level with 

headings. 

Section op Stbata. 

Feet. Iq. 

Surface Earth 16 

Gravel g q 

London Clay, 47 foet ; — 

Blue Clay 45 

Yellow Clay 2 

Beading Beds, 51 feet ; — 

White Sand 12 

Dark Sand 39 

To Chalk 107~6 

Chalk 63 6 

Total 171 

Dorking, Surrey, obtains its water supply from a well sunk 
into the outcrop of the lower greensand, at the south side of the 
town. The shaft is 11 feet in diameter and 160 feet deep, 
steined with 9-inch work laid dry. The yield is not more than 
30 gallons a minute, owing to the unfortunate position of the 
well, but might be considerably increased if suitable means 
were adopted. 

Harrow Waterworks, — The well is situate 430 yards to the 
west of the church. The surface of the ground is 226 feet above 
the Ordnance datum. There is a shaft for 193^ feet ; the rest 
is a bore. In a bed of dark red sand 144 feet down, the water 
was very foul. Strata ; — 

Feet. Id. 
Light Blue Clay, with light-coloured stone .. .. 19 11 

Brown Clay, with white Btone 54 11 

Dark Mottled Clay 15 q 

Similar Clay, with dark and green sand 4 

Carried forward 93 iQ 
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Brought forward ,, .. 93 10 

Dark mottled clay, very hard 3 

The same, rery hard, and dark sand .. 2 

Lighter-coloured Hard Clay 5 

The same, and dark aand 6 6 

Large Pebblea 6 

day and Sand 5 

Light Blue Clay 4 

Li^ht-colonred Stone, iritb red and bine 

ipotB 13 

Mottled Cloy 7 11 

YeUow, Light Blue, and (5reen Clay .. 10 
Dark Green Clay, wilt black veins and 

spots .. 5 

Blue Clay 16 

VeryHerdBrown.Yellow.andBlueClay 4 

Light Brown Running Sand, with water 2 6 

Hard Mottled Clays 6 G 

Light Brown Dead Sand 8 8 

Blaok Feat, with dark pebbles .. .. 6 

BrowQ and Green Gravel, with fliats .. 3 2 

GreeoClay 4 

To Chalk 158 6 

Chalk, with beds of flint 4 to 15 inehee in 
tbickocsB. 15 to 24 inches apart ; S95§ 
feet down, from surface, a hed of flint 
6 feet thick 254 

Total 412 6 

Water rises to a 
height of 125 foet 
below the surface. The 
yield ie about 190 
gallons a minute. ^^^ 

Sighbury. — Middle- 
sex. Well at the residence of H. Bjdon, 
Esq., New Park, Figs. 273 to 275. The 
shaft is 4 feet 6 inches diameter, and 136 
feet deep, steined with 9-inch work set in 
cement The bore was commeuoud with a 
12-iiich hole, bnt the character of the 
ground was sach that the sucoessiTe redno- 
tions in Bize,ehownin the enlarged section 
of the lining tabes, Fig. 276, had to be 
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made. Whon in the chalk the bore was continued gome 48 feet 
iinliued. The strata passed were ; — 



Gravel 8 

tiONiMiN Clay, 111 feet; — 

HluoClay :. 110 

Cliiy&toiiu 1 

Rkaiuxo and Tiianet Sand, 85 feet ; — 

MottletlClay 25 

Coloured iSand 60 

To Chalk 199 

Chalk 50 

Total 249 

Ilolloicay. — Middlesex. Well at Islington Workhonse, sliaft 
i2-M foot, coutinuod by a bore-hole, gives 25,000 gallons daily ;— 

Strata ;— Yeet 

liondon Clay 2S0 

AVoolwich aud Heading Beds 5] 

rebblfs 1 

Tlianet Sand Kj 

Green Flints 2 

Cbalk 248 

Total "^ 



Kentish Town. — This well was sunk under the supposition 
tliat as the outcrop of the subcretaceous formations was con- 
tinuous around tho margin of the cretaceous basin surronnding 
and underlying the London tertiaries, except at the eastern 
border, those subcretaceous formations would be found under 
London, just as they actually were at Paris. This proved to 
be the case until the gault was passed, when a series of sand- 
stones and clays were encountered, occupying the place of the 
lower greeusand, but evidently of older geological character 
and having many of the features of the new red sandstone. 
Confirmation of these views has been since given by the clear 
section obtained at Meux' Brewery, Tottenham Court Bead, 
shown on p. 23 L 

Tho surface of the ground, Fig. 276, is 174 feet above 
Tliamos high-water mark. There is a shaft for 539 feet - the 
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remainder being bored. The foUoving detailed aoconnt of t1 
strata is due to Frest^cb; — 

LoNBos Clat, 236 Teet ; — Feet. In. 

Yellow Clay 30 6 

Blue Clay, with septatia 205 6 

JtBADiNO Beds, 61} teet; — 

Bed, Yelbw, and Blue Mottled Clay 87 6 

White Sand, with flint pebbles 6 

Curied foiwaid 274 
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Fig. 21 



Rf-OTB. 



Feet b. 

Brought Forward 274 

Ebaeiko Beds, corttmiied ;— 

Bkok Sand, paBBinginto the bed below 2 

Mottled Green and Bed Cla? 10 

ClBjey Sand SO 

I>ftrk Gray Sand, with layerB of clay g S 

Asb-colouied Qaickaand 6 6 

Flint Pebblea 16 

Carried forward 297 6 
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Feet. In. 

Brought forward 297 6 

Thanet Sand, 27 feet ; — 

Ash-colourt'd Sand 10 

Clayey Sand 4 

Dark Grey Clayey Sand 11 

Angular Green-coated Flints 2 

Chalk, -with Flints (? Upper Chalk), 244 J feet ; — 

Chalk, with flints 119 6 

Hard Chalk, without flints 8 

Chalk, softer, with a few flints 31 6 

Nodular Chalk, with three beds of tabular flints .. 13 6 

Chalk, with layers of flint 32 6 

Chalk, with a few flints and patches of sand . . . . 9 6 

Very Light-grey Chalk, with a few flints .. .. 30 

Chalk, without Flints (Lower Chalk), 341 feet ; — 

Light Grey Chalk, and a few thin beds of marl .. 133 
Grey Chalk Marl, with compact and marly beds 

and occasional pyrites .. ♦ 161 

Grey Marl 20 

Harder Grey Marl, rather sandy and with occa- 
sional pyrites 27 

Chalk Marl, 59J feet ; — 

Hard Rocky Marl (? Tottenhoe Stone) 6 

Bluish Grey Marlr,ather sandy ,lower part more clayey 58 9 

Upper Greensand ;^- 

Dark Green Sand, mixed with grey clay .. .. 13 9 

Gault, 130J feet ;— 

Bluish Grey Micaceous Clay, slightly sandy .. .. 39 

The same, with two layers of clayey greensand . . 6 7 
Micaceous Blue Clay ; at base a layer full of phos- 

phatic nodules 84 11 

Lower Greensand (?), 188 J feet ; — 

Red and Yellow Clayey Sand and Sandstone . . 10 
Compact Red Clay, with patches of variegated 

sandstone 4 

Dark Red Clay 4 7 

Red Clay, Whitish Sand, and Mottled Sandstone . . 3 
Hard Red Conglomerate, with pebbles from the 

size of a marble to that of a cannon-ball . . . . 2 

Micaceous Red Clay, mottled in places 26 

Layers of White Sandstone and Red Sand . . . . 3 8 

Mottled Sandstone 4 

Red Sand and Sandstone, with pebbles (a spring) 2 

Layers of Red Sandstone and White Sand . . . . 4 

Pebbly Red Sand and Sandstone 10 ' 

White and Red Sandstone 5 

Fine Light Red Sand 2 9 

Hard Sandstone 3 

Carried forward 1173 1 
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KeeL Id. 

Brought forward 1173 i 

Lower GBEENSAiro (?), continued; — 

Very Fine Light Red Sand 4 

Red Clay 2 

Clayey iSand 13 

Red Sandy Micaceons Clay, with sandstone . . . . 2 5 

Compact Hard Greenish ^midstone 10 

Very Micaceous Red Clay 10 

Grey and Red Clayey Sand . . . . ' 11 

Light-coloured Soft Sandstone 2 1 

Red Sand and Sandstone 6 2 

Greenish Sandstone 4 

White and Grey Clayey Sand, with iron pyrites . . 2 

Reddish Clayey Sand, with layers of sandstone . . 3 8 

Micaceous Red Clay 18 4 

Greenish Sandstone 5 

Red Mottled Alicaceous Clay, with patches of sand 34 6 

Red Quartzose Micaceous Sandstone 2 

Brownish-red Clayey Sand and Sandstone .. .. 40 
Very Hard Micaceous Sandstone, with pebbles of 

white quartz 4 

Light Red Clayey Sand 10 

Red Micaceous Quartzose Sandstone 8 

Light Red Clayey Sand, small fragments of chalk 2 

Whitish and Greenish Hard Micaceous Sandstone 6 

Total 1302 



The engravings, Figs. 276 to 279, which are on the authority 
of G. E. Burnell, do not exactly agree with Prestwich's section, 
but in the main they are both alike. The following summary 
may be found of service ; — 

Feet Ic> 
London Clay ', 236 

Lower London Tertiaries .. 88 6 

Chalk .. 644 9 

Upper Greensand ., 13 9 

Gault 130 6 

Lower Greensand (?) .. .. I88 6 

Limehouse,— Middlesex. Well at Taylor and Walker's 
Brewery, Consists of a shaft for 143 feet lined with 7 feet 
6 inches and 5 feet cylinders, and continued by a 12-inch bore- 
hole 157 feet deep. 

Section op Strata. Peet 

Made Earth and Loam 14 

Valley Drift; — 

Gravel and Sand .. 15 

Carried forward 29 
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Feet. 

Brought forward .. 29 

London Clay, 44 feet;— 

Sandy Blue Clay 2 

Brown Clay 19 

Sand 8 

Blue Clay with Shells 11 

Blue and Green Sand 4 

Woolwich Beds, 10 feet ; — 

Pebbles 6 

Sand 4 

Thanet Sands, 58 feet ; — 

Green Sand and White Pebbles 14 

Grey Sand 44 

To Chalk 141 

Chalk Flints 2 

Hard and Soft Chalk 153 

Total 296 



Loughton. — Essex . Bore-hole at Great Eastern Railway 
Station. 

Strata; — Feet. in. 

Tertiaries 243 

Chalk 648 6 

Chalk Marl and Upper Green Sand 37 

Gault 132 6 

„ with Pebbles 31 6 

Total 1092 6 



Michelmersh. — ^Hants. Fig. 280 shows a section of a well in 
this village, comprised within the writer's practice. The shaft 
is 4 feet 6 inches in diameter and 400 feet deep, steined both 
above and below the chalk with 9-inch work, the upper course 
having rings of cement at every 12 inches. 

The strata pierced were ; — 

Feet. In. 

Surface Soil 4 

Dark Clay 27 

Chalk 250 

Band of Calcareous Sand 2 6 

Upper Greeusand 17 

Total 300 6 



2-22 
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The vKtcr riscB Bome 19 feet in the shaft, and U kbmi^ 
ftltbongh up to tlio present its quantity has not been tested. 

milf J?fi'I.— Middlesex. ^Vell at Chairington, Head, utdCu'i 
browcTj, Figo. 281 to 283. The surface is 38i^ feet abon 
Trinity high-water mark. 

In the upper part there are three iron cylinden baQt npn 
9-iiich brickwork, which is carried down into the mottled dq. 
A 9-iach iron cylinder, partially supported by rods from it 
surface, rises somo 28 feet into the brick shaft into which it it 
built by nionns of rings. Another iron cylinder is carrieddon 
into the chalk, the space between the cylinders being filled 
with concrete. 

The strata passed wore ; — F«i. ii 

MaDK EjtBTII 

itrHHHiuH Vallev Ubift, fifeet; — 



7 



»E^»^£ 



m 




iNiMiN Clay, 86 feet ; — 

ItluuClny 

Uanl Brown Clay, with 



HftVHtOl 



_ . .. SiincJy Clay .. .. 2 
Hard Bmwn Snndy Clay, 

rotten at bottom ,, ,. 90 

WOOLWILH AND REiDlNO BeDS 63 

Thaket Sand, 40 feet ;— 

GrefnSttiid ,. 2 

ItrowiilKli-crecn Quicksand 

iind I'cbWi'B 2 

Brown Sfti 111 2 

Grey ntjd BrowaiBh-greon 

Sand 2 

Green Sand and Pebbles .. 2 

Brown Sind 2 

Green Band and Pebbles .. 1.5 (I 
GroT Snnd and aniall Pebbles 2 
Dnrk Grey and Green Sand 10 fi 
Green S^nd and Green- 
coated Flints 6 

ToChnlb 202 

Chalk Flints 6 

Hard Chalk and Water .. 2 

ToUl 204 6 
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Tho water level is some 108 feet from siurfiMse, and the yield 
G0,000 to 70,000 gallons a day. 

Norwich, — Well at Coleman's works. After a few feet of 
alluvium, the borer passed through hard chalk with flints at dis- 
tances of about 6 or 7 feet apart, for 700 feet, with the exception 
of 10 feet at tho depth of 500 feet where the rock was soft and 
of a rusty colour, thence the flints were thicker, namely, about 
4 foot apart to the depth of 1050 feet. After this 102 feet were 
pierced of chalk, free from flints, to the npper greensand, i 
stratum of about 6 feet, and then gault tor 36 feet. The whole 
boring being full of water to within 16 feet of the surfjEU^. 

Section of strata : — Feet 

Alluvium 12 

Hard Chalk, with flints 483 

Soft Chalk 10 

HardChjilk 190 

Hard Chalk, flints closer 350 

Chalk without flints 102 

Upper Greensand 6 

Gault 36 

Total 1189 

Norwich, various wells at. The water in most cases is abun- 
dant. 

Tertiary Strata. Chalk. Total. 

Feet. Feet. Feet. 

Distillery 48 228 270 

Morgau^s Brewery 12 218 230 

Pucivthorpe „ 20 230 250 

Kosary Cemetery 50 50 ] 00 

Mousehold, at farm 90 42 132 

„ „ J. Harvey's .. 60 100 160 

Paris. — The wells sunk in the Paris basin, of which Fig. 284 
is a section, are very numerous, and many of them of grett 
depth. Fig. 285 is a plan indicating the position of the prin- 
cipal wells, and Figs. 286 to 288 sections giving each a smnmary 
of the nature and thickness of the formations passed through. 

For boring these wells special tools had to be used, whid 
have already been described at length in Chap. VII. 

A large Artesian well, constructed by Dru at Butte-anx* 
Cailles, for the supply of the city of Paris, was intended to be 




ASD OF DISTRICTS SUPPLIED BY WELLS. 

carried down throngli Oiowoio". ^*°™^;'^;^™^ Trainm. 
the greeneond to a Horixniul aoUe h mlka tbe incb 

depth of 2600 or Ve«i«i«»ta.i»™!«iu>«i«h. 

2900 feet to reach ''-%, t„f, , J -,. .J. ,,,l. . ,.\, 

the Portland lime- 
stone. The boring 
was suspended in 1872 i'' 
for municipal reasons, 
it was then 1745 feet 
deep, and its dia- 
meter 47^ inches. Its 
section for the first 
496 feet is shown in 
Fig. 284. 

Daring the pre- 
Tioas years, M. Dm 
was engaged in sink- 
ing a similar w^ll of 
19 inches diameter 
for supplying the 
Sugar Befiner J of M. 
Say, in Paris, Fig. 
285; 1570 feet ot 
this well had been 
bored in 1867, see 
Fig. 288. It was 
finished in 1869, at b 
total depth of 1903 
feet, the bottom of 
the bore-hole being 
in the lower green- 
sand. It yields 1760 
gallons a minute. 

The well at Gre- 
□elle was sunk by 
Mulct in 1S32, and 
after more than eight 
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years moeBsanf la- 
boor, 'water roee on 
the 26th of Felmuty, 
1812, trom the total 
depth ot 1806 teet 
9 ineheB. The dik> 
meter of the bora- 
hole is 8 inohflB, 
ending, as is seen in 
the detail sections, 
Pigs. 289 to 293, in 
the lo'wer greensuid. 
The well of Paay 
was intraided to k 
eieooted in the Pirw 
badn which it wu to 
traverse with a dii- 
meter, hitherto aiut- 
tempted, of 1 m^ 
(3-2809 feet); OH 
of the Grenelle well 
being only 20 catA- 
metres (8 inches). It 
was calculated tbat il 
would reach thewalo- 
l»*riiig stratum it 
nearly the samedepA 
as the latter, uij 
would yield 8000 me- 
tres or 10,000 caiit 
metres in twM^- 
foor houTB, or aboit 
1,786,240 to 2,232,800 
gallona a day. 

Pigs. 293 to 2« 
Bhow a detail sectki 
of the strata passed. 
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The operations were undertaken hy Kind nnder a contract 
with the Mnnicipality of Paris, by which he bound himself 
to complete the works within the space of tweWe months from 
the date of their cotumeucement, and to deliver the above 




jnantity of water for the snm of 300,000 franca, 12,O00Z. On 
the 31st of May, 1857, after the workmen had been engaged 
nearly the time stipulated for the completion of the work, and 
when the boring had been advanced to the depth of 1732 feet 
&:om the surface — the excavation suddenly collapsed in the 
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upper Btnta, at about 100 feet ttaia the groimd, uid filled up 
the bore. Kind would have been rained b»d the engineen d 
the town beld bim to the striot lett^ of his oootract ; but it 



Boinra At OttmnuM, P*m»— wK n in it 





was decided to bebare in a libcntt manner, and to release him 
from it, the town retaining hie services for the completion ci 
the well, as also the right to use bis patent maobinery . The 
difficulties enoonntered in carrying the excavation through ftt 
clays of the upper strata were fonnd to be so s^ons, tbt 



A.mt OF DISTRICTS SmTLlED BY WELl^. 229 | 

under tlie new atrangeinent, it req^uired six years and nino i 
montbB of continuouB efforts to reach the nater-benring etratam, 1 
of which time the far larger portion was employed in travera- 

BOBIBO W FiKiS, PiSK. 
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ing the clay beds. The nppor part of this well waa finally 
lined with solid masonry, to tho depth of 150 feet from the 
Bor&ce; osd beyond that depth tabiug of wood and Iron was 
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introduced. This tnbing was continued to the depth of 1804 
feet ffDin the surfaco, and bad at the bottom a length of copper 
pipe pierced with holea to allow the water to enter. At this 




depth the compound tubing conld not be made to descend an; 
lower; but the engineers employed by the city of Paria wan 
convinced that they could obtain the water by moans of a pre- 
liminary boring ; and therefore they proceeded to sink in tko 
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interior of the above tube of 3 ■ 2809 feet diameter, an inner 1 
tube 2 feet 4 inch.es diameter, formed of wrougbt-iron plates 
2 inches thick, eo as to enable them to traverse the claja en- 
countered at this zone. At last, the water-bearing Btrata were 
met with on the 24th of September, 1861, at the depth of 1913 
feet ID inches &om the gronnd-line ; the yield of the well 
being, at the first stroke of the tool that pierced the craet, 
15,000 cubic mStres in 24 hoiirs, or 3,349,200 gallons t> day; 
it quickly rose to 25,000 cubic m&tres, or 5,582,000 gallons 
a day ; and as long as the column of water rose without any 
sensible diminution, it continued to deliver a uniform quantity ' 
of 17,000 mfetres, or 3,795,000 gallons a day. The total cost 
of this well was more than 4O,O00i., instead of 12,000i,, at 
which Kind had originally estimated it. 

It may ba questioned whether the engineers of the town 
were jnstified in passing the contract with Kind to finish the 
work within the time, and for the sum at which he undertook it ; 
but they certainly treated him with kindness and consideration, 
in allowing him to conduct the work at the expense of the city 
of Paris for bo long a period after the expiration of his contract. 
It seems, however, that the French well-borers could not at the 
time have attempted to continue the well upon any other system 
than that introduced by Kind; that is to say, upon the Buppo- 
eition that it should be completed of the dimenaione originally 
undertaken. Experience has shown that both etejning and 
tubing wore badly executed at the well of Passy. The masonry 
lining was introduced after Kind's contract had expired, and 
when be had ceased to have the control of the works; the 
wrougbt-iron tubing at the lower part of the excavation being a 
subsequent idea. It has followed from this defective system of 
tubing — the wood necessarily yielding in the vertical joints — - 
that the water in its upward paaaage escaped through the joints, 
and went to supply the basement beds of the Paris basin, which 
are as much resorted to as the London saad-beds for an Artesian 
supply ; and, in fact, the level of the water has been raised in 
the neighbouring wells by the quantity let in from below, and 
ike yield of the well itself baa been ptoportionally diminished, 
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Wtu. it eosvtm Em. 



nntil it lias fallen to 450,000 gallons a day. 
That the moreaeed yield of £he neighbonr^ 
ing wells IB to be accoimted for hj the 
of the water &oin tlie Artesian 
boring IB additionally proved b; the teni' 
peratnre of the water m them. , it is fonud 
to be nearly 82° Fahr, or nearl; tbtt 
obserTed in the water of Passy This 
was an nnfortunate complication of tha 
bargain made between Kind and && Moni- 
cipol Council, but it in no respect affects 
the choice of the bonng machinery, which 
to have complied with all the con- 
ditions it was designed to meet The 
ur T fy yt" i~ descent of the tubes and their nature onghf 
"^ to have been the snbject of special atad; 

•^ by the engmeets of the town, who ahonU 
have known the natnre of the strata to 
be traversed better than Kind oonld be 
supposed to do, and sbonld have uudsted 
tubing being executed of cast 
or wrought iron, so as efTectually to resist 
the passage of Hie water At any rate, this 
precaution ought to have been token in 
the portions of the well earned through 
the basement beds of the Pans basin, or 
throogh the lower members of the chalk 
and the upper green sand. 
Pondera End. — Middlesex. At the works 
§ of the Loudon Jnte Company. It will be 
from the Figs. 297, 298, that this well 
is bored all but the top 4 feet, whioh is 6 feet 
across and steined with 9-inoh work. The 
uppermost tube is 12 inches in diameter, 
decreased to 9 inches, and then to 8 inches, 
and ending with a 6-inch bore, nnlined, in 
the chalk. 
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The strata passed were ; — 

Alluvium, 6 feet ; — Fe^t. In. 

Clay and Mud 3 6 

Peat 2 6 

Sand and Shingle Gbayel 7 

London Clay, 15 feet ; — 

Blue Clay 8 

Sandy Clay (basement bed ?) 7 

Beading Beds, 49 J feet ; — 

Dead Sand 10 

Mottled Clays 22 

Sand and Metal (pyrites ?) 10 

Sandy Clay 3 

Sand and Pebbles .. 4 

Dead Sand , 16 

Dead Sand and Pebbles 10 

Sand and Pebbles 7 

TflANET Sand (?), 35 feet ;— 

Green Sand 27 

Dead Sand 8 

To Chalk 112 6 

In Chalk 290 6 

Total 403 

The water at this well oyerflows. 

Hampstead. — ^Middlesex. Well at the Brewery. Consists of 

a shaft 340 feet deep continned by a bore-hole 5 inches in 
diameter into the chalk. Water level abont 320 feet fh)m 
surface. 

Section ; — ' Feet. in. 

Made earth 6 

London Clay; — 

Clay, with Shells 134 

Hard Clay and Nodules of Spar 2 

Clay 54 

Clay, with shells and pyrites 10 

Blue Clay 202 

Woolwich Beds; — 

Clay and Pebbles 5 

Clay and Sand 18 

Grey Sand 12 

Flints 2 

Chalk 155 

Total 600 
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nmi. StovmarJeO. — 8nffi>lk. Well 

Hewitt's Mill. Yield abundant. 

Strata ;— 
Loam, Sand and Gravel .- .. - 

Bhaip B " 



Chalk and FUuta .. 
Total 



Tottenham Court Boad.— 
Well at Manx' Brewery, Fig. 299, yield 
at 1022 feet from anr&oe, or 21 feet 



StbatA;— Feet b, 

London Clay asd Tertiariea .. 156 D 

Obalk, with fljnla 347 

Chalk, without flintg .. .. 805 

Uppar Gteeiiwnd 28 

Gault 160 

Coprolites 6 

' ■ ..4 6 



Lower Greenaand 

Mottled Bed and Gieen Argillk- 
ceoiu and Micaceous Shales, 
palieozoio 77 



Bognor. — Isle of Wigtt Well at 

Waterworks has a shaft lined with 

9-iDch brickwork for 80 feet, contiiMied 

by a bore-bolo to a total depth of 330 

feet. The yield at 80 feet from sar&oe 

is 150,000 gallons a day. 

Strata ; — 

Brick earth, rnoDing sand and Fnt. 

clay 5£ 



\ 
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Freshiea(er.—Mo of Wight. "Well, Figa. 300, 301, Bank at 
Golden Hill for H.M. Government. The diameter of the shaft 




IB 4 feet 6 inches bnckworli 

9 inches th ck there are S feet 

m (.emeut at the top of tho 

"*■"*■ weU and 3 feet inches at 

the bottom, Thoro are four courseB m cement every 5 feet, 

intBrual work four coQiBes in cement every 10 feet The bore- 



11 




iji^^mf'^^X' 



EXAHFLE8 OF WELLS EXECUTED, 

hole is lined tbtonghont with pipes 
atnLo, ^ ^ inches, 5 inches, and 4 inchee 
diameter respectively. 

Winchfield, Hants.— Well, Figs. 302 
to 304, at the brewery of Messrs. W. 
Cave and Son. The shaft above the 
steioing is lined with iron cylioders into 
which the bore-pipe is carried ap. 

The strata passed were ; — 



M&de Earth, Soil, Gravel, Blue 

Clay and Dead Saod 
Dark Sandy Ulay 
Black Pebbles . 
Coloured Clay 
Stone (septaria 7) 
Coloured Clay . 
Coarse ShifUng Sands 




Total 



MlSOBLLANBOUB. 

rZ«ter.— Ireland. Well at Boss £ Co. 's 

Mineral Water Factory, has a shaft lined 

with iron cylinders 70 feet deep, con- 

■^„ tinned to a total depth of 226 feet by a 

bore-hole. Supply abundant. 

Strata : — 

Feet. 

Made Earth 5 

Silt Blue Clay, vfith shells .. 21 

Gravetwith prebistorio remaina 7 

Stiff Bed Clay S7 

Gravel 8 

Bed Bandstone 146 

Fiue Gravel 2 



By wells, 

Bourne, Lincolnshire. — The boring, 4 inches in diameter, 
passed through oolitic strata to a depth of 92 feet. Btilon the 
allavial gravel and alluvion a hard Bhelly limestone, 32 feet in 
thickness, was encountered. The boro-hole here was made 
slightly conical, to admit of the taper end. of a cast-iron pipe 
being inserted and driven tightly, to eiclude any surface water, 
and to prevent water from tho bore escaping into tlio gravel, 
and thus losing its fnll power to rise above the surface. The 
boring was then continned through various beds until it reached 
a stratum, 6 feet thick, of compact hard rock ; in passing 
through which, at 92 feet below the surface, the tool fell 
suddenly about 2 feet, evidently into a chasm or hollow, striking 
upon the hard surface of the underlying rock. The water im- 
mediately rushed up with great force, and drove the men from 
their work ; and it was not without difGculty that the joints for 
attaching a curved pipe and sluice valve at the surface could 
be accomplished. The water rose to 39 feet 9 inches above tbi 
ground ; the yield at the surface level is at the rat« of 567,000 
gallons a day. 
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: London Basin. 



The following Table, compiled from the Government Me- 
moirs and other reliable sonrcas, furnishes in a condensed 
form the most important particulars relating to wells, and 
trial bore boles, comprised within, the geographical area known 
SB tbe London Basin. 

The first column gives the name of the place where the well 
is situated, the second column that of the county, and tbe third 
column tbe precise locality ; the sisth column, in cases whore 
the well passes through the tertiaries, is the depth to the chalk. 
Tho following abbreviations have been employed ; B. for Bed- 
fordshire ; Berks, Berkshire ; Bucks, Buckinghamshire 
Essex; H., Hampshire; Herts, Hertfordshire ; E.,Eeut. 
Middlesex ; 8., Surrey. 

O.D. stands for, above Ordnance Datum; T,, above Trinil 
high-water mark. 
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Windsor .. .. 
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Wnflwidi .. ,. 

Ditto ., .. 

Ditto .. ., 
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CHAPTER IX. 

tabl:^s and miscellaneous information. 

The following tabulated form shows the order of succession of 
the various stratified rocks with their usual thicknesses. 




q: 

< 

H 
cc 

LU 
g 

o 
o 

N 
O 

Z 

< 

o 



fBEOENT.. .. 
PLEISTOCENE 



PLIOCENE 



MIOCENE 



.. \ 



■■{ 



H [ Upper 

p^ < Middle 

0| 

W V Lower 



/ 



>- 
q: 

< 
o 

z 

O 
O 
LU 
O) 

o 
O 

o 

N 

O 
CO 
LU 

2 



CBETACEOUSi 



WEALDEN 

/ PURBECK 



•{ 






o 

QQ 



Upper ( 

OOLITB ,.( 



Middle 
Oolite .. 



1 Modern Deposits. 

2 Drift and Gravel Beds .. 

3 Mammaliferous Crag 

4 Bed Crag 

5 Suffolk (Coralline) Crag 

6 Faluns (Touraine) Molassej 

Sandstones / 

7 Hempstead Series 

8 Bern bridge Series 

9 Headon Series 

10 Barton Beds 

11 Bagsbot andBracklesham Series 

12 London Clay and Bognor Beds 

13 Woolwich Beds &Thanet Sands 

14 Maestricbt Beds 

15 Upper Chalk 

16 Lower Chalk and Chalk Marl 

17 Upper Greensand 

18 Gault 

19 Speeton Clay .. 

20 Lower Greensand 



Thickness 
in Feet. 



21 Weald Clay . 

22 Hastings Sands 

23 Purbeck Beds . 



24 Portland Bock and Sand 

25 Eimmeridge Clay .. 



26 Upper Calcareous Grit 

27 Coralline Oolite 

28 Lower Calcareous Grit 

29 Oxford Clay .. .. 

30 Kellaways Bock .. 



20 to 100 

10 to 40 
30 
30 

6000 

170 
110 
200 
300 
1200 
200 to 520 
100 

110 
300 
400 
130 
100 
130 
250 

150 
600 

150 

150 
400 

40 
30 
40 
400 
30 
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Groups. 



1 
f 

O 

o 

N 

O 
CO 

LU 



< 



Lower 
Oolite 



Lias .. 



TRIASSIO or 
NEW RED 
SANDSTONE I 

/"PERMIAN or 

MAGNESIANj 
LIMESTONE! 



cc 
a. 

o 

o 

N 
O 

-J 
< 
Q. 



CARBONI- 
FEROUS .. 

DEVONIAN or 
OLD RED 
SANDSTONE 






Upper 



S< Middle 



»— I 

C/2 



Lower 



V CAMBRIAN .. 

2 f MET AMOR- / 
OJ PHIO .. ..\ 

<1 IGNEOUS .. 



SI Oombrash 

32 Forest Marbleand Bradford Clay 

33 Great Oolite 

34 Stonefield Slate 

85 Fuller's Earth 

86 Inferior Oolite 

37 Upper Lias Shale 

38 Marlstone and Shale 

39 Lower Lias and Bone Beds . . 

40 Variegated Marls or Keuper . . 

41 Muschelkalk. 

42 Red Sandstone or Bunter 

43 Red Sand and Marl 

44 Magnesian Limestone 

45 Marl Slate 

46 Lower Red Sandstone 

47 Coal Measures 

48 Millstone Grit 

49 Mountain Limestone .» 

50 Limestone Shales 

51 Upper Devonian 

52 Middle Devonian 

53 Lower Devonian and Tilestone 

54 Ludlow Rocks 

55 Wenlock Beds 

56 Woolhope Series 

57 Llandovery Rocks 

58 Caradoc and Bala Rocks 

59 Llandeilo Rocks 

60 Lingula Flags 

61 Longmynd and Cambrian Rocks 

Clay Slate, Mica-Scbist. 
Gneiss, Qnartz Rocks. 

Granite. 



Thiidmess 
in Feet 



10 

50 
120 

9 
50 to 150 
80 to 250 

50 to 800 
30 to 200 
100 to 800 

800 

600 

50 

300 

60 

f 200 

3000 to 12,000 

600 

500 to 1400 

1000 

3000 to 8000 

2000 
1800 
3050 
2000 
5000 
4000 
8000 

20,000 
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The Quantity op Excavation in Wells fob Each Foot in Depth. 

(Hurst;) 



Diameter of 
Excavation. 



ft. in. 
3 



3 
3 
3 
4 
4 
4 
4 



5 
5 
6 
6 



3 
6 
9 

3 
6 
9 



,5 
5 3 



6 
9 

3 



Quantity. 



cubic yards. 
•2618 
•3072 
•3563 
•4091 
•4654 
•5254 
•5890 
•6563 
•7272 
•8018 
•8799 
•9617 
1^0472 
1^1363 



Diameter of 
Excavation. 



ft. in. 
6 6 



6 

7 
7 
7 
7 



9 

3 
6 
9 



8 

8 6 

9 
9 6 

10 

10 6 

11 

12 



Quantity. 



cubic yards. 



1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
4 



•2290 
•3254 
•4254 
•5290 
•6362 
•7472 
•8617 
•1017 
•3562 
•6253 
•9089 
•2070 
•5198 
•1888 



The Measxjbe in Gallons, and the Weight in Pounds, op Water 

CONTAINED IN WeLLS, FOB EACH FoOT IN DePTH. 



Diameter. 


No. of Galls. 


Weight. 


Diameter. 


No. of Galls. 


Weight. 


ft. In. 




lb. 


ft. 


in. 




lb. 


2 


19-61 


196-1 


6 


6 


206-59 


2065-9 


2 6 


30-56 


305-6 


7 





239-05 


2395-0 


3 


43^97 


439-7 


7 


6 


275-49 


2754-9 


3 6 


60-00 


600-0 


8 





313-43 


8134 • 3 


4 


78-19 


781^9 


8 


6 


353^03 


3533 •O 


4 6 


98-87 


988-7 


9 





395^42 


3954*2 


5 


122-23 


1222-3 


9 


6 


441-71 


4417-1 


5 6 


147-96 


1479-6 


10 





489-93 


4899-3 


6 


175-99 


1759-9 
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Bbiokwobe. 

The Numbeb op Bbices and Quantity of Brickwork in Wells 

FOR EACH Foot in Depth. 
(Hurst.) 





HalT'Ebick Tmcx. 


Onb Brick Thick. 




Nnmber of Bricks. 


Cubic Feet of 


Number of Bricks. 


^^__«_» W^ a m 












Cnbic Feet of 




Laid 


Laid in 


Brickwork. 


Laid 


Laid in 


Brickwork. 




Dry. 


Mortar. 




Dry. 


Mortar. 




1-0 


28 


23 


1-6198 


70 


58 


4-1233 


1-3 


33 


27 


1-8145 


80 


66 


4-7124 


1-6 


38 


31 


2-2089 


90 


74 


5-3015 


1-9 


43 


35 


2-5035 


102 


82 


5-8905 


2-0 


48 


41 


2-7979 


112 


92 


6-4795 


2-3 


r)3 


44 


3-0926 


122 


100 


7-0686 


2-6 


58 


48 


3-3870 


132 


108 


7-6577 


3-0 


68 


57 


3-9760 


154 


126 


8-8357 


3-6 


79 


65 


4-5651 


174 


142 


10-0139 


4-0 


89 


73 


5-1541 


194 


159 


11-1919 


4-6 


100 


82 


5-7432 


214 


176 


12-3701 


5-0 


110 


90 


6-3322 


234 


192 


13-5481 


5-6 


120 


98 


6-9213 


254 


209 


14-7263 


6-0 


180 


107 


7-5103 


276 


226 


15-9043 


6-6 


140 


115 


8-0994 


296 


242 


17-0825 


7-0 


150 


123 


8-6884 


316 


260 


18-2605 


7'G 


lf)0 


131 


9-2775 


336 


276 


19-4387 


8-0 


170 


140 


9-8665 


358 


292 


20-6167 


8-6 


180 


148 


10-4556 


378 


308 


21-7949 


9-0 


191 


156 


11-0446 


398 


326 


22-9729 


10-0 


212 


174 


12-2227 


438 


360 


25-3291 



Good bricks are characterised as being regular in shape, with 
plane parallel surfaces, and sharp right-angles ; clear ringing 
sound when struck, a compact uniform structure when broken, 
and freedom from air-bubbles and cracks. They should not 
absorb more than one-fifteenth of their weight in water. 

After making liberal allowance for waste, 9 bricks will bnild 
a square foot 9 inches thick, or 900, 100 square feet, or »y 
2880 to the rood of 9-inch work, which gives the simple role of 
80 bricks = a square yard of 9-inch work. 
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The resistance to cmshing is from 1200 to 4500 lb. a square 
inch ; the resistance to fracture, from 600 to 2500 lb. a square 
inch ; tensile strength, 275 lb. a square inch ; weight, in mortar, 
175 lb. a cubic foot ; in cement, 125 lb. a cubic foot. 

Compressed bricks are much heavier, and consequently pro- 
portionately stronger, than those of ordinary make. 



SUNDBY MeASUBES OP WaTEB. 

The weight of one gallon of water, at 62° F., is 10 pounds, 
and the correct volume is 277*123 cubic inches. The com- 
monly accepted volume is 277 • 274 cubic inches. 

One cubic foot of water contains 6 • 2355 gallons, or approxi- 
mately 6^ gallons. 

The volume of water at 62° F. in cubic inches, multiplied by 

* 00036, gives the capacity in gallons. 

The capacity of one gallon is equal to one square foot, about 
two inches deep ; or to one circular foot about 2^ inches deep. 

One ton of water, at 62° F., contains 224 gallons. 

The volume of given weights of water, at 62*4 pounds a 
cubic foot are as follows ; — 

1 ton, 35 • 90 cubic feet ; 1 cwt., 1 • 795 cubic feet ; 1 quarter, 

• 499 cubic feet; 1 pound, • 016 cubic foot, or 27 • 692 cubic inches. 

36 cubic feet, or 1^ cubic yards, of water, at 62 * 4 pounds a 
cubic foot, weighs about one ton. 

1 cubic yard of water weighs about 15 cwt., or f ton. It is 
equal to 168*36 gallons. 

1 cubic metre of water is equal in volume to 35 * 3156 cubic 
feet, or 220 * 09 gallons ; and, at 62 * 4 pounds a cubic foot, it 
weighs one ton nearly (36 pounds less). It is nearly equivalent 
to the old English tun of 4 hogsheads, which is 210 imperial 
gallons, and is a better unit for measuring water-supply or 
sewage than the gallon. 

A pipe one yard long holds about as many pounds of cold 
water as the square of its diameter in inches. 
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Stobinq Wkll-watkb. 

The reservoirs for storing well-water should be covered with 
brick arches, as the water is generally, found to become 
rapidly impure on being exposed to the sunlight, principally 
owing to the rapid growth of vegetation. Various methods have 
been tried, such as keeping up a constant current of fresh water 
through them, and a liberal use of caustic lime ; but so rapid 
is the growth of the vegetation, as well as the change in the 
colour of the water, that a few hours of bright sunlight may 
su£&ce to spoil several million gallons. These bad results are 
completely prevented by covering the reservoirs. 

Hints on SuPKBiNTBNDiNa Wkll-wobk. 

The engineer who has to superintend the construction of a 
well should be ever on the watch to see whether, in the course 
of the work, the strata become so modified as to overthrow 
conclusions previously arrived at, and on account of which the 
well has been undertaken. 

A journal of everything connected with the work should be 
carefully made, and if this one point alone is attended to, 
it will be found of great service both for present and future 
reference. 

Before commencing a well a wooden box should be provided, 
divided by a number of partitions into small boxes ; these serve 
to keep specimens of the strata, which should be numbered con- 
secutively, and described against corresponding numbers in the 
journal. At each change of character in the strata, as well as 
every time the boring rods are drawn to surface, the soil should 
be carefully examined, and at each change a small quantity 
placed in one of the divisions of the core box, noting the dep^ 
at which it was obtained, with other necessary particulars. A 
note should be made of all the different water levels passed 
through, the height of the well above the river near which it is 
situated, as well as its height above the sea. The memoranda 
in the journal relating to accidents should be especially clear 
distinct in their details; it is necessary to describe the 
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effects of each tool nsed in the search for, or recovery of, broken 
tools in a borehole, in order to suit the case with the proper 
appliances, for withont precaution we may seek fur a tool 
indefinitely without being sure of touching it, and perhaps 
aggravate the evil instead of remedying it. It ia by no means 
a bad plan to make rough notes of all immediate remarks or 
impressiona, in soch a maimer aa to form a full and detailed 
account of any incidents which occur either in raising or lower- 
ing the tools. At the time of au accident a well-kept journal 
is a precious resource, aud at a given moment all previous 
observations, trivial as they may have often seemed, will form a 
valuable cine to explain difficulties, withont this aid perfectly 
inexplicable. 

When an engineer has a certain latitude allowed him in the 
choice of a position for a well, bo should not, other things 
being equal, neglect the advantages which will be derived from 
the proximity of a road for the transport of his supplies ; of a 
well, if not a brook, from which to obtain the water necessary 
fur the cleansing of the tools ; and of a neighbouring dwelling, 
to facilitate his active supervision. This supervision, having 
often to bo carried on both day and night, should be the object 
of particular study ; well carried out, it may be effective, while at 
the same time allowing a great amount of Uherty ; badly carried 
out, however fatiguing it may be, it will be incomplete. 

Bate of Proorgss of Bobino. 

(Andre.) 

There are probably no engineering operations in which the 
rate of progress is bo variable as it is in that of boring. That 
Buch must necessarily be the case will be obvious when we bear 
in min d that the strata composing the earth's crust consist of 
very different materials ; that these materials are mingled in 
very different proportions, and that they have in different parta 
been subjected to the action of very different agencies operating 
rith very different degrees of intensity. Eenco it arises not 
only that some kinds of rocks require a much longer time to 
bore through than others, bat also that the length of time may 
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yary in rocks of the same character, and that the character may 
change within a short horizontal distance. Thus it is utterly 
impossible to predicate concerning the length of time which a 
boring in an nnknown district may occupy, and only a rough 
approximation can be arrived at in the case of localities whose 
geological constitution has been generally determined. Such 
an approximation may, however, be attained to, and it is usefal 
in estimating the probable cost; and to attain the same end, for 
unknown localities, an average may be taken of the time required 
in districts of a similar geological character. The following, 
which are given for this purpose, are the averages of a great 
number of borings executed tmder various conditions by the 
ordinary methods. The progress indicated represents that made 
in one day of eleven hours. 

ft. in. 

1. Tertiary and Cretaceous Strata, to a depth of 100 yards, average progress 1 8 

2. Cretaoeoiis Strata, without flints „ 250 „ „ 3 1 



3. Cretaceous Strata, with flints 


If 


250 


** 


** 


1 4 


4. New Red Sandstone 




*> 


250 


ft 


tl 


1 10 


5. New Red Sandstone 




!• 


500 


» 


St 


1 5 


6. Permian Strata 




f> 


250 


w 


H 


2 


7. Coal Measures 




*t 


200 


• * 


>f 


2 3 


8. Coal Measures 




»* 


400 


•• 


M 


1 8 




General Average 


.. 275 
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When the cost of materials and labour is known, that of the 
boring may be approximately estimated from the above averages. 
Should hard limestone or igneous rock be met with, the rate of 
progress may be less than half the above general average. 
Below 100 yards, not only does the rate of progress rapidly 
increase, but the material required diminishes in like propor- 
tion, so that for superficial borings no surface erections are 
needed, and the cost sinks to two or three shillings a yard. 

Cost of Boring. 

The cost of boring when executed by contract has already 
been treated of at page 94. The following formula will fur- 
nish the same results as the rule there given, but with the least 
possible labour of calculation ; 

X being the Bum fio\]L^\>, m ^QiV)iA^^ Q.ud d the depth of the 
" iring in yards. 
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Example. Lot it be required to know the cost of a borehole 
250 yards deep. 

Here 125 ( -187 + (-0187 x"250) j = £607-75. 
Tkupbruq Boring Chisbls. 

1. Heat the chisel to a blood-red heat, and then hammer it 
until nearly cold ; again, heat it to a blood red and quench aB 
quickly as poseible in 3 gallona of water in which is dis- 
solved 2 oz. of oil of vitriol, 2 oz. of soda, and i oz. of saltpetre, 
or 2 oz. of sal ammoniac, 2 oz. of spirit of nitre, 1 oz. of oil of 
vitriol : the chisel to remain in tho liquor until it is cold, 

2. To 3 gallona of water add 3 oz. of spirit of nitre, 3 oz. 
of spirits of hartshorn, 3 oz. of white vitrial, 3 oz. of sal ammo- 
niac, 3 oz. of alum, 6 oz. of salt, with a double handfnl of hoof- 
parings, the chisel to he heated to a dark cherry red. 

Gases in Wells, 

The most abuudont deleterious gaa met with in wells ie car- 
bonic acid, which estinguishes flame and is fatal to animal life, 
Catbonio aeid is most frequently mot with in the chalk, where 
it has been found to exist in greater quantity in the lower than 
in the upper portion of the formation, and in that division to be 
unequally distributed. Fatal elFects from it at Epsom, 200 feet 
down, and in Norbury Park, near Dorking, 400 feet down, have 
been recorded. At Besloy Heath, after sinking through 140 
feet of gravel and sand and 30 feot of chalk, it rushed out and 
estingnished the candles of the workmen, Air mixed with one- 
tenth of this gas will oxtingaish lights; it is very poisonous, 
and when the atmosphere containb B- per cent, or more there 
is danger of sufFooation. When present it is found most 
abundantly in tho lower parts of a well from its great spocidc 
gravity. 

Sulphuretted hydrogen is also occasionally met with, and is 
supposed to he generated from the decomposition of water and 
iron pyrites. 

In districts in which the chalk is covered with eanA «Q.i 
London claj', carturetled Lydrogea ia occaaVoiiflNLV^ fe■Hi*.^fi&,\l■^ 
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more freqnently snlplitiretted hydrogen. Carbnretted hydrogen 
seldom inflames in wells, but in making the Thames Tunnel it 
sometimes issued in such abundance as to explode by the lights 
and scorch the workmen. Sulphuretted hydrogen also streamed 
out in the same place, but in no instance with fatal efifects. At 
Ash, near Famham, a well was dug in sand to the depth of 36 
feet, and one of the workmen descending into it was instantly 
su£fbcated. Fatal e£fects have also resulted elsewhere from the 
accumulation of this gas in wells. 

Speoifioation and Tendeb. 

The following form of specification and tender is one which 
has been frequently employed by the writer. In this particular 
instance it is filled in for work in cretaceous strata, the modifica- 
tions necessary for application to another case are sufficiently 
obvious : — 



Speoifioation to be obsebved bt the Contbaotob in 
Sinking AND Boeing a Well on the Estate of , 

SITUATE IN THE PaBISH OF , IN THE CoUNTT 

OF . 



Position. 



Nature of 
8trata to be 
passed 
through. 

Depth. 



The Well is to be sunk and bored at the spot W, coloured 
red upon the plan to be furnished to the contracting parties. 

The Strata to be passed through consist of about 6 feet of 
Tertiary deposits, the Upper and the Lower Chalk, and the 
imderlying Upper Greensand. 

The Well is to be sunk in the Chalk to a depth of 
260 feet, and from this depth the well is to be carried down 
by boring to the bottom of the Upper Greensand. The 
estimated depth of the boring is 70 feet. 
Dimensions. The Well is to havo a clear diameter of 6 feet, and to be 
lined with bricks, 9-inch work, well laid in cement, to a 
depth of 20 feet from surface. The borehole is to have a 
diameter of not less than 4 inches, and to be tubed through- 
out with iron tubing. 

The Contractor will be required to find all labour, tools, 
appliances, and apparatus or materials of whatever kind or 



General 
conditions. 
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deBCription, required for the duo and full performance of his 
contract, together with any trangport or carriage in connec- 
tion ttei'ewith ; he will further be required to reatoro the 
sarface of the land, and make good any damage in reference 
thereto, as well as to restore any fences or any damage of 
whatever nature that may be caused in connection with tha 
work. 

Should the Contractor, after three days' notice in writing 
nnder the hand of tho Engineer, fail to carry out any of the 
provisions of this Specification, tlie Engineer may take 
charge of and proceed with the work at tho coat of the 
Contractor, aad for that purpose may take and use without 
hindrance any tools, appliances, apparatus, ot materials, 
upon the works belonging to the Contractor, 

Should a sufficient quantity of water be met with short of 
the Grecnsand the Engineer rosorTes to himself the right 
of stopping tho boring at any point. 

The Contractor, on the acceptance of his Tender, will be TtaiE. 
required to proceed with the work forthwith, and to complete 
the whole of the work within twelve weeks &om the date of 
the acceptance of hia Tender, 

Payments on account will be made on the certificate of Fajmmts. 
the Engineer, after the first 100 iebt have been sank, to the 
extent of 75 per cent, of the accepted price, the balance to 
be paid on the completion of the work to the satisfaction of 
the Engineer. 

Persons tendering are to state the price of the sinking for Teaden. 
the whole depth of 260 feet, and the price of the boring for 
each 20 feet in depth, 

Tender. 

hereby undertake and agree to sink and bore a Well 

in the situation and of the depth required, and provide all 
enperintendence, labour, tools, appliances, apparatus, materials) 
and carriage in connection with tho work, and in accordance with 
the full terms and conditions of the annesed Specification, at 
the several rates or prices respectively stated in the Schedules 
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numbered 1 and 2; and 



hereby farther undertake and 



agree to execute the work in the time stated in such Specifica- 
tion to the satisfaction of the Engineer appointed to superintend 
the same. 



Schedules referred to in 



Tender o£. 



Schedule Kg. 1. 



Description of Work. 



Sinking shaft 6 feet diameter, 260 feet, 20-feet ) 
steining, 9-inch brickwork set in cement j 




Schedule No. 2. 



Description of Work. 



Boring for each 20 feet depth, and lining 
with cast-iron tubes 



} 
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A. 

Abbidgb, well at, 238 
Accident tools, 155-160 
Accidents, diamond boring, 187 

in rope boring, 177 

Acton, wells at, 238 

Africa, rainfall in, 30 

Air in wells, freshening, 61 

Albany Street, well at, 238 

Aldershot Place, wells at, 238 

Alluvion, 5, 7 

America, North, rainfall, 30, 31 

South, rainfall, 31 

American rope boring, 171 

system of boring, 171 

tube well, 95 

Amwell End, well at, 238 

Hill, well at, 238 

Marsh, weU at, 238 

Apothecaries Hall, well at, 239 
Apparatus for boring, 71-79, 102- 

190 
Arlesey, well at, 238 
Artesian well, causes of failure, 

2-4 

— definition, 2 

Ash, well at, 238 
Asia, rainfall in, 29, 30 
Auger stem, 173 
Augers, 71-73 
AvaUable rainfall, 27 



B. 

Bagshot Sand?, 5 

well at, 238 

Balance-beam, Kind's, 108 
Balham HUl, well at, 238 
Ball-clack, 108 
Bank of England, well at, 238 



Bare outcrop, 18-21 
Barking, well at, 238 
Bamet, wells at, 238 
Bath, springs at, 36 
Battersea, wells at, 238 
Bearwood, well at, 239 
Beaumont Green, well at, 239 
Beccles, wells at, 209, 210 
Bell box, 73 

tap, broken rods, 187 

BeUeisle, well at, 239 
Belle Vale, well at, 197 
Berkley Square, well at. 239 
Bermondsey, wells at, 239 
Berry Green, well at, 239 
Bethnal Green, well at, 239 
BetstUe. Southgate, well at, 247 
Bexley Heath, wells at, 21 
Bickford fuse, 50, 59 
Birkenhead, wells at, 191, 192 
Birmingham, wells at, 192 
Bishop Stortford, wells at, 210, 

239 
Blackfriars, well at, 239 
Blackheath, well at, 239 
Blasting gelatine, 49 

instructions in, 50-61 

sinking by, 49 

Bletchingly, well at, 212 
Bognor, well at, 234 
Bootle, wells at, 199 
Borers, or drills, 55 
Boring, 69-190 

American rope, 171 

at great depths, 102 

bars, diamond, 181, 183 

chisels, 71, 104, 133, 149, 173 

cost of, 94, 257, 258 

diamond, 180 

rate of progress, 188 
difficulties of, 94 
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Boring direct from surface, 84, 171 

Kind-Chaudron system, 110 

— — machine, diamond, ] 80 

Mather and Piatt's system, 

143-171 

rate of diamond, 188 

ordinary, 257, 258 

rods, 74, 75 

diamond, 184 

hoUow, 93, 184, 190 

sheer frame, 84 

tools, 71-88 

Boston Heath, well, 239 
Bourne, well at, 237 
Bow, well at, 239 
Box-clutch, 124 
Box joint for mizer, 66 

for rods, 66 

Boxley Wood, well at, 239 

Bradford clay, 36 

Brain tree, well at, 211, 239 

Breaking-up bar, 156 

Brentford, well at, 239 

Brick steining, 63, 67, 254 

Bricks, good characteristics, 254 

Brickwork in wells, 254 

Brighton, wells at, 211 

Bristol area, 37 

Broad Mead, well at, 239 

Broken rods, extracting, 73, 124, 

138, 178, 187 

tubing, 88-93 

Bromley, wells at, 239 
Broxboume, well at, 239 
Bucket grapnel, 157, 159 

sinkers, 77, 167 

Bull, or clay-iron, 58 
Bull-wheel, 172 
Bunter sandstone, 39, 40 
Burton-on-Trent, well at, 192, 195 
Bushey, well at, 239 
Butte-aux-Cailles, well at, 224 

C. 

Gambebwell, well at, 240 
Camden station, well at, 240 

Town, wells at, 240 

Canterbury, well at, 240 
Carbonardo diamonds, 180 
Carbonic acid in weWa, ^?>^ 
Carburetted bydiogen. m^fe\\s,*25i^ 



I Cartridges for blasting, 50 

size of dynamite, 52 

Cast-iron tubes, 76, 160 
Caterham, well at, 240 
Cement backing, 128, 129 
Cement-ladle for steining, 128, 129 
Centre-bit, 173 
Chalk, 5, 7 

headings or tunnels in, 62 

level of water in, 8 

marl, 5 

rainfall on, 27 

Charge of powder, rule for, 53, 54 
Chelmsford, well at, 212, 240 
Cheltenham, springs at, 36 
Cheshire, thickness of trias, 40 
Cheshunt, wells at, 213, 240 
Chinese system of boring, 69, 70 
Chisels for boring, 71, 104, 119, 
133, 149, 173 

or trepans, 130, 132 

tempering, 259 

Chiswell Street, well at, 240 
Ohiswick, wells at, 240 
Clamp for tube well, 95 
Clamps, pipe, 77, 174 
Claw grapnel, 156 
Clay, grapnel, 157, 158, 160 

iron or bull, 58 

pure, 12 

Cleaning pipes, tube well, 97 

shot holes, 57 

Clewer Green, wells at, 240 

Cold -drawn wrought -iron tubes, 

76 
Colnbrook, well at, 240 
Colney Hatch, well at, 240 
Coral rag, 37 
Core box, 256 

grapnel, 157, 159 

tube, diamond drill, 184, 186 

Corn rash limestones, 36 
Cost of boring, 94, 258 

headings in sandstone, 62 

Cotteswolds, springs in, 35 
Cotton-powder, 50 
Covent Grarden, well at, 240 
Coventry, boreholes at, 194 
Covered outcrop, 21 
Cretaceous strata, 209-250 
QiHi^^^ wells at, 194 
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Oricklewood, well at, 240 
Cronton, well at, 197 
Crossness, well at, 240 
Crow, Kind-Chaudron, 124 
Crown, diamond, 180, 183 
Crow*s-foot, 73, 124 
Croydon, wells at, 241 
Curb in underpinning, 44 

iron, 47 

wood, 45 

Cutting grapnel, 156-158 
Cylinder, Mather and Piatt's, 147 
Cylinders, iron, for lining, 64 

D. 

Dabtfobd Cbeee, wells at, 241 
Deep boring, 84, 94, 102 
Defective tubing, 88-93 
Denham, well at, 241 
Deptford, well at, 241 
Depth of rain&ll, 26 
Derricks, American, 171 
Detonators, 50 
Devonshire, wells in, 206 
Diamond drill, 180 
Difficulties of boring, 94 
Dip-bucket, 167 
Dogs, 74, 77 
Dolly, pipe, 77, 88 
Dorking, well at, 214 
Drainage area, definition, 25 
Drift, 5-7, 21, 22 

outcrop covered by, 21 

Drill bar, 173 

diamond, 180 

Drilling-rope, 173 
Driving pipe, 172 

tube well, 95-101 

tubes, 77, 87. 88, 161 

Drum curb, 45 
Dru's first trepan, 130 

system, summary, 143 

130 

Dudlow Lane, well at, 197, 200 
Dulwich, well at, 241 
Dungeon Stoneworks, well at, 197 
Durham, sinkings in, 110 

wells in, 191 

Dyke, effect of, 4 
Dynamite, 49-52 
— thawlDg, 52 



E. 

Eabth-fast, definition, 47 
East Bamet, well at, 238 

Ham LbvcI, well at, 241 

Eccleston Hill, well at, 197 
Edgeware, well at, 241 

Koad, well at, 241 

Edlesborough, well at, 241 
Electric fuse, 50 
Eitham, wells at, 241 
Enfield Lock, well at, 241 
Enlarging hole below tubes, 77, 

78 
— shot-holes, 56, 57 
Epping, well at, 241 
Erith, well at, 241 
Estimates for explosives, 52 
Europe, rainfall in, 28, 29 
Euyenhausen joint, 102, 105 
Examples of wells, 191 
Excavation in wells, table of, 253 
Exeter, well at, 206 
Explosive agents, use of, 49 
Explosives, estimates for, 52 

F. 

Fan for ventilation, 61 
Farleigh, Forest Marble at, 36 
Famham, well at, 241 
Famworth, well at, 194 
Fault, eflfect of, 3, 4 
Fauvelle's system, 93 
Finchley, well at, 241 
Fissures, 2, 12 

in blasting, 54 

in chalk, 8, 63 

Five Lane Ends, well at, 194 
Flat chisels, 71 

key, 122, 174 

Fleet Street, well at, 241 
Forest marble clays, 36 
Formation, mineral character of, 

11 
Foul air in wells, 61, 259 
Four-and-a-half inch steining, 67 
Free-falling tools, Dru's, 134-136 
Freshwater, well at, 241 
Fulmer, well at, 241 
Fumes, dynamite or gunoottoci^^ 
¥\»© lot xAsMNxtt!^, ^^^^^^^^ 
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G. 

Gabston Ironworks, well at, 197 
Gases in wells, 61, 258 
Gault, 5 

Gayton, borehole at, 188 
General conditions of ontcrop, 18 
Geological conditions, epitome of, 
10 

primary, 4 

considerations, 1 

strata, table of, 251 

Gloucester, springs near, 36 
Gneiss, rainfall on, 27 
Golden Lane, well at, 241 
Granite, rainfall on, 27, 
Grapin or dutch, 124 
Grapnels, 124, 156-158 
Gravesend, wells at, 241 
Great oolite, 35 
Green Lane wells, 199 
Greensands, 5, 8 
Greenwich, wells at, 241, 242 
Grenelle. well at, 103, 225 
Guides, borehead, 149 

Dru*8, for rods, 138 

GuUand's diamond drill, 183 
Guncotton, 49, 50 
Gunpowder, 49, 53 

weight of, 54 

Gyns for boring, 78, 79 

H. 

Hackney Boad, well at, 242 
Haggerstone, well at, 242 
Hainault Forest, well at, 242 
Half-brick steining, 68 
Halstead, well at, 242 
Hammersmith, well at, 242 
Hampstead Boad, wells at, 242 

well at, 233, 242 

Hand-dog, 74 
Hand-jumpers, 55 
Hanwell, well at, 242 
Hard rock, Dru's system, 142 

sinking in, 49, 111, 142 

Harrow, well at, 214, 242 
Hastings sand, 5 
Haverstock Hill, well at, 242 
Hayes, well at, 242 
Headings or tunnels, 61, 62 
Hedgerley, sands and days at, 17 



Height of strata above surface, 

23 
Hendon, well at, 242 
Heme Bay, section at, 12 
Hertford, well at, 242 
Highbury, wells at, 242 
Hi^hfield, Bletcbingly, well at, 

212 
Hills, drift on, 6 

flat'topped, 20 

or mountains, 5 

outcrop on, 19 

Hoddesdon, well at, 242 
Hollow rods, 93, 184, 190 
Holloway, wells at, 216, 242, 243 
Hoop-iron, boring with, 69, 70 
Horizontal strata, 9 
Homsey, wells at, 243 
Horsleydo¥m, well at, 243 
Hoxton, well at, 243 
Hungerford, section near, 14 
Hyde Park Corner, well at, 243 
Hydraulic borer-head, 190 
tube forcers, 163-166 



I. 



IcKENHAM, well at, 243 
Instructions in blasting, 50-61 
Instruments used in blasting, 54 
Iron cylinders for lining, 64 

drum curb, 47 

for drills or jumpers, 55 

rods, 73, 74, 81, 94, 138 

tubbing, 112, 114, 115 

Isle of Dogs, well at, 243 

of Grain, well at, 243 

of Wight, wells at, 234. 235 

Isleworth, wells at, 243 
Islington Green, well at, 243 
Workhouse, well a^ 216 



J. 

Jabs, 173, 174 

Joints, Eind-Ghaudron rod, 122-124 

tube, 75, 87, 89, 160 

tubbing, 126 

Journal of well-work, 256 
Jumpers, 55, 56 
Jurassic strata, 35 
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E. 

Kensington, wells at, 243 
Kentish Tuwa, well at, 216, 243 
Keuper, 5, 39, 40 
Key. flat, 122, 174 

Kind-Chaudron, 122 

Kilburn, well at, 244 
Kind's moss-joint, 140, 141 

system, 103, 110 

time employed, 109 

Kingsbury, well at, 244 
Kingston-on-Thames, well at, 244 
Knightsbridge, well at, 244 

L. 

Ladle, cement, 128 
Lagging of drum curb, 45 
Lambeth, wells at, 244 
Lancashire, thickness of trias, 40 
Lazy-tongs, 174 
Lea Bridge, well at, 244 
Leamington, well at, 199 
Least resistance, line of, 53 
Leek, wells at, 203 
Leicester Square, well at, 244 
Lias, 37 

borings in, 188 

marlstones, 36 

Limehouse, wells at, 220, 244 
Lincolnshire oolites, 37 
Lining or steining wells, 63, 67 

tubes for borehole, 75, 160, 

161 
Liquorpond Street, well at, 244 
Lithotracteur, 49 
Litton, well at, 197 
Liverpool, wells at, 199 
London Basin, wells in, 238-250 

average section, 13 

clay, 5 

measurement of sections, 
15.16 
Long Acre, well at, 244 
Longleat Park, coral rag at, 37 
Longton, wells at, 200, 202 
Loughton, borehole at, 221 

wells at, 245 

Lower Morden, well at, 245 

tertiaries, outcrop of, 23 

Luton, well at, 245 



M. 

Machine boring, diamond, 180 
Magnesian limestone, 5, 10 
Maiden Bradley, coral rag at, 37 
Maldon, well at, 245 
Malton, well near, 208 
Margate, well at, 245 
Marlstones, lias, 36 
Marylebone Road, well at, 245 
Mather and Piatt's system, 143-171 
Measure of water in wells, 253 
Mica powder, 49 
Michelmersh, well at, 221 
Middlesborough, well at, 203 
Mile End, wells at, 222, 245 

Hoad, well at, 245 

Millbank, wells at, 245 
Mineral character of formation, 11 
Mitcbam, well at, 245 
Mizers, 64-66 
Molasse sandstones, 5 
Monkey for tube well, 95 
Monkham Park, well at, 245 
Mortlake, wells at, 245 
M9ss-box,Kind-Ohaudron, 127, 128 
Moss joints, 127, 128, 140 
Mountain slopes, springs in, 6 
Mountains or hills, 5 
Muschelkalk, 39 



N. 

Netheblee Bridge, well at, 197 
New Bamet, well at, 238 

Cross, well at, 245 

red sandstone, 5, 8, 39 

headingd in, 62 

Wimbledon, well at, 250 

Nine-inch steining, 67 
Nitro-glycerine mixtures, 49, 50 
North America, rainfall, 30, 31 
Northampton, boreholes at, 37, 188 

diamond boring at, 187 

sands, 37 

well at, 207 

Northolt, well at, 245 
Norwich Crag, 5 

wells at, 224 

Netting Dale, well at, 245 

Hill, well at, 245 

Number of bricks in wells, 254 
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o. 

Obseryations mth raiD-gange, 24 
Off-take of rods, 81 
Oil regions, boring in, 171 
Old Kent Boad, well at, 245 

Windsor, wells at, 245 

Oolite at Bath, 36 

Oolites, quality of water, 38 

Oolitic rocks, 35 

strata, 5, 8, 35, 187, 188 

wells in, 206 

Orange Street, well at, 245 
Osgodby, well at, 206 
Outcrop, 11 

position of, 18 

rainfall on, 11 

on district, 24 

Oxford clay, 36, 37 
Street, well at, 245 

P. 

Paris, wells at, 224 

Parkside, Lancashire, well at, 196 

Pass pipes for tubbing, 114 

valves, 115 

Passy, well at, 103, 226 
Pebble beds, 40, 41 

Hill, section at, 14 

Peckham, well at, 245 
Penge, well at, 246 
Pennsylvania, boring in, 171 
Pentonville, wells at, 246 
Permeability of new red sandstone, 

41 
Permian strata, wells in, 191 
Petroleum regions, boring in, 171 
Picker, 66 

Pimlico, wells at, 246 
Pinner, well at, 246 
Pipe clamps, 77, 174 

dolly, 77 

driving, 85, 172 

iron, 88 

Plaistow, well at, 246 
Planes of bedding, 12 
Plant, Dru*s system, 131, 134 

Kind-Chaudron system, 115 

well boring, 69-93 

well sinking, 44-66 

PJug-tube, Btraiglitening, 157, 166 



Plugs for tamping, 60 
Pender's End. wells at, 232, 246 
Porous soils, 8 
Position of outcrop, 18 

of well, 257 

Pot mizer,>66 

Potteries, wells in the, 200-203 
Preparations for sinking, 44 
Prescot, Lancashire, wells at, 197 
Preston Brook, well at, 197 
Pricker, 58 
Primary beds, 5, 9 
Primer cartridges, 49, 50 
Principles of blasting, 53 
Prong grapnel, 156-158 
Prospecting, diamond drill for, 189 
Pudsey HaU, well at, 246 
Pumps, Mather and Piatt's, 166-171 

a. 

Quality of water in oolites, 37 
Quantity of brickwork in wells, 254 
Quicksand, modes of piercing, 115 
Quintuple detonators, 50 



R. 

Katcliffe, wells at, 246 
Rate of boring, 257, 258 
diamond drill, 185 

Dm, 140 

Mather and Piatt's, 154 

tube wells, 98, 100 

Bainfall, 24 

on new red sandstone, 41 

on oolitic rocks, 35 

on outcrop, 11 

tables of, 28-32 

Bain-gauge, instructions for using, 

24 
Beamer, 176 
Beculvers, section at, 12 
Begent's Park, wells at, 246 
Bend-rock, 49 
Bhsetic beds, 5 
Bichmond, wells at, 246 
Bimers, 77 
Biming spring, 77 
Bing for broken rods, 73 
Biyer deposits, 22 
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Rock, chisels for, 71, 104, 133, 149, 

173 

intersected by dyke, 4 

sinking in, 49 

Bods at Passy, 106 

boring, 74 

diamond, 180 

Dru*8, 137, 138 

guides, Dru's, 138 

joints, Dru's, 138 

Kind-Ohaudron system, 123, 

124 

remarks on, 143, 144 

Romford, well at, 246 
Rope boring, American, 171 

boring with, 69, 147, 171 

socket, 173 

Ross, well at, 205 

Rotation speed, diamond drill, 186 

Rotherhithe, wells at, 247 

Ruislip, well at, 247 

Runcorn waterworks, well at, 197 

Running sands, Dru's system, 142 

S. 

Sappeon Walden, well at, 247 
Saint Helen's, wells at, 206 
Salton, well at, 208 
Sand, 11 

Mather and Piatt's system, 

160 

pump, 176 

Sandhurst, well at, 247 
Sandstone, new red, 39 
Sandwich, well at, 247 
Scaffolding for boring, 81 
Scarborough, well at, 206 
Scratcher, 67 
Screw grapnel, 156, 159 

jacks, 161,162 

tap for broken rods, 187 

Searching for water, 9 

Secondary beds, 5 

Selby, well at, 207 

Setting rain-gauge, 24 

Sextuple detonators, 50 

Shallow surface springs, 21 

Sheer frame, boring, frontispiece, 84 

American, 171 

legs, 81 

Sheerness, wells at, 247 



SheU, 73, 139 

at Passy, 107 

Kind-Ohaudron system, 122 

— or auger, 73 

pump, jammed, 158, 159 

Mather and Piatt's, 151, 

154 
Shot-holes, boring, 56 

in wet stone, 58 

Slioreditch, well at, 247 
Shome Meade Fort, well at, 247 
Shortlands, Broiuley, well at, 247 
Sinker bars, 173 
Sinker's bucket, 77, 167 
Sinking, mine shafts, 110 

plant for, 113 

with drum curb, 45 

Sinkings in Durham, 110 

in hard rock, 49, 61, HI 

Site for rain gauge, 24 

Slate, rainfall on, 27 

Slope of hills, outcrop on, 19 

Slough, wells at, 247 

Smithfield, well at, 247 

Snow, measuring fall of, 25 

Socket, rope, 173 

South America, rainfall, 31 

Southend, well at, 247 

Southgate, well at, 247 

South wark, wells at, 247 

Specific gravity of diamonds, 180 

Speed of holing with hand-drills, 56 

of rotation, diamond drill, 186 

Spithead, well at, 163 
Spring cutter for tubes, 92 

darts, 76 

defiuition, 1 

pole, 70 

Springs, 1, 2 

in alluvium, 7 

in clialk, 7 

in Gotteswolds, 35 

in drift, 6 

in permeable strata, 1 

surface, 21 

Staffordshire, thickness of trias, 40 

wells in, 200, 202 

Staines, well at, 247 
Stamford, boring at, 37 
Steam-jet for ventilation, 61 
Steel for drills, 55 
Steining, 44, 47, 63, 67, 68 
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Stemmer, or tamping-bar, 59 

Step-ladder, 156-158 

Stifford, well at, 247 

Stockwell Green, wells at, 247 

Stonesfield slate, 85 

Btone steining, 63 

Storing well water, 256 

Stowmarket, well at, 234 

Strata, cretaceous wells in, 209-250 

— ^- disturbances of the, 32 

— — Jurassic, 35 

oolitic, wells in, 206 

Permian, wells in, 191 

table of, 25i; 252 

trias, wells in, 191 

Stratford, wells at, 247, 248 
Stratified rock, blasting in, ^ 
Streatham, well at, 248 
Sudbury, well at, 248 
Sulphuretted hydrogen in wells, 

259 
Saperficlal eurea, extent of, 11 
Superintending well-work, hints on, 

256 
Surface, height of strata above, 23 

of outcrop, 11 

8prinp:s, 21 

Swanage, Dorset, well at, 209 

T. 

Tables of excavation in wells, 253 

of strata, 251,252 

rainfall, 28-32 

Tamping, 49, 51, 58, 59 

bar, 59 

tools, 58-60 

T chisels, 71 

Temper screw, 174 

Tempering boring chisels, 259 

Terp's diamond drill, 190 

Tertiary beds, 5 

'—' district, division of, 34 

Testing machines for tubbing, 125, 

126 
Thames, source of, 36 

Street, Upper, well at, 248 

Thawing dynamite, 52 
Tillers, 71, 75 
Timber steining, 63 
Tongs, 77 
Tonite, 50 



Tools for well-boring, 71-85 

Top rods, 74, 75 

Tottenham Court Road, well at, 

234, 248 

wells at, 248 

Tower Hill, well at, 248 
Towthorpe Common, well at, 208 
Trafalgar Square, well at, 248 
Treble detonators, 50 
Trepan, at Passy, 103 

Dru*s first, 132 

Kind's. 103, 104 

Kind-Chaudron system, 117, 

121 
Triangle gyns, 78 
Trias strata, 39-43, 191 
Tubbing, 111, 112 

pass pipes for, 114 

placing, Kind-Chaudron, 125, 

126 



testing-machine for, 125, 126 

Tube clamps, 77, 174 

forcing apparatus, 88, 161, 163, 

172 

grapnel, 156, 158 

joints, 75, 87, 89, 160 

well, American, 95 

wells, 95-101 

Tubes, accidents with, 189 

76, 160 

Tubing, when necessary, 85 
Tunnels or headings, 61, 62 
Turnford, well at, 248 

U. 

Ulster, well at, 236 

Underpinning, 44 

Upchurch, wells at, 248 

Upper Thames Street, well at, 248 

Uxbridge, wells at, 248, 249 

V. 

V chisels, 71 

Valve for mizer, 64, 65 

socket, 174 

Valves for phell, 73, 139, 140, 151 
Valleys, drift in, 6 

outcrop in, 18 

Vange, well at, 249 
Vauxhall, wells at, 249 
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Wadhook, 73 

Waltham Abbey, well at, 249 
Walthamstow Marsh, well at, 249 
Wandsworth, wells at, 249 
WarringtoD, wells at, 197, 198 
Warwickshire, thickness of trias, 40 
Water in new red sandstone, 42 
measure and weight in wells, 

quality from oolites, 38 

searchlug for, 9 

strata, sinking through, 64, 110 

tamping, 49 

Water-bearing deposits, value of, 

^— strata, height <Jf, above 

surface, 23 
Watford, well at, 249 
Wealden clay, 5 
Wedging cribs. Ill, 112 
Weight of water in wells. 253 
Well, Artesian, causes of failure, 

2-4 

definition, 2 

boring, 69-101 

at great depths, 102 

examples of, 191 

sinking, 44 

water storing, 256 

Westboume Grove, well at, 249 
West Drayton, wells at, 249 
Ham, wells at, 249 



West India Dock, well at, 249 
Westminster, wells at, 249 
Wet-stone, shot-holes in, 58 
Whiston, well at, 197 
Whitechapel, wells at, 250 
Willesden, well at, 250 
Wimbledon, wells at, 250 
Winchfield, well at, 250 
Windlass, 44, 69, 84 
Windsor, wells at, 250 

Old, 245 

station well, 201 

Winkfield Plain, well at, 250 
Winwick, well at, 197, 198 
Witham, well at, 250 
Withdrawing tools, 73 

tubes, 88-93 

Wolverhampton, wells at, 205 
Wood tubbing, 112 
Wooden drum curb, 44-47 

rods, 106, 118, 124 

Woodley Lodge, well at, 250 
Woolwich beds, 5 

wells at, 250 

Working beam, 172 
Worm auger, 73 
Wormley, wells at, 250 
Wormwood Scrubbs, well at, 250 
Wrought-iron tubes, 76 

Y. 

YoBK, well at, 208 
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Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa, Illustrated^ 8vo, cloth, I2j. 6^. 

The French' Polisher s Manual, By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodpng, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6^. 

HopSy their Cultivation^ Commerce^ and Uses in 

various Countries, By P. L. Simmonds. Crown 8vo, cloth, 4r. 6d. 

A Practical Treatise on tJte Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 29 plates, cloth, 28j. 

Synopsis of Contents : 

Introduction— History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.^^oal, with Analyses, by J. Paterson) Lewis Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay — Retort Setting — Hydraulic Main--Con* 
densers — Exnausters — Washers and Scrubbers — Purifiers— Purification — History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications— Gas Holders — Station Meter — Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services— Consumers' Meters— Regulators— Burners— Fittings— Photometer— Carburization 
of Gas — Air Gas and Water Gas—Composition of Coal Gas, by Lewis Thompson, Esq.— 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas— Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates, 2 vols., cloth, los, dd. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, 5^. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Capt. Royal Engineers. With 112 illustrations. 
4to, cloth, I2J-. dd, 

Dynamo-Electric Machinery : A Manual for Students 

of Electro-technics. By Silvanus P. Thompson, B.A., D.Sc, Professor 
of Experimental Physics in University College, Bristol, etc., etc. Illus- 
I rated y 8vo, cloth, 12s, 6d. 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter. Translated from articles in 
the *Cultur-Ingenieur,* by Lowis D'A. Jackson, Assoc. Inst. C.E. 
8vo, cloth, 1 2 J. td. 

Practical Hydrattlics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates^ post 8vo, cloth, 5^. 

A Practical Treatise 07t the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. IViik 
II plates. Second edition, revised and enlarged, small 4to, cloth, 12s, (>d. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. With plates ^ 8vo, cloth, 12s. 6d. 

Perspective^ Explahied and Illustrated. By G. St 

Clarke, Capt. R.E. With illustrations^ 8vo, cloth, 3^. dd. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings^ post 8vo, cloth, 
*js, 6d. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion — Chap. i. The princi^es expounded in the first and 
second chapters are applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Madiines— Chap. 5. Useful Propositions and Rules. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3^. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. With 20 plates, 8vo, cloth, iSs. 

A Practical Treatise on the Manufacture of Starch, 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor 'in the Royal Technical School, Buda Pesth, and 
other authorities. By Julius Frankel ; edited by Robert Hutter, 
proprietor of the Philadelphia Starch Works. VPith 58 illustrations, 
344 pp., 8vo, cloth, i8j. 
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A Practical Treatise ^on Mill-gearing, Wheels, Shafts, 

Riggersy etc.; for the use of Engineers. By Thomas Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, 'js. 6d. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andre, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on CoaJ Mining, con- 
taining 182 plates^ accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. \2s. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — Ventilation — Pumping — 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etCy varjring from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2s. (yd, 

"Tlie Science and Art of the Manufacttire of Portland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, iSj. 

j7ie Draughtsman s Handbook of Plan and Map 

Draiving; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 pHnted in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9^. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems — Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
-Civil Engineers* and Surveyors' Plans — Map Drawing — Mechanical and Architectural 
Drawing — Copying and Reducing Trigonometrical Formulae, etc., etc. 

The Boiler-makci' s andh'on Ship-builder s CoTnpanioti, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Fodex, 
author of * Mechanical Tables,' etc. Second edition revised, with illustra- 
tions, crown 8vo, cloth, 5^". 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and \2 plates, 8vo, cloth, 
10 J. dd. 

Painting and Painters' Manual: a Book of Facts 

for Painters and tVio^e vAvo "Vi?.^ ox I^^^ Vcv '^^vsx^ Materials. By C. L 
CONDIT and J. SCHElXY.^. IIhistrated,'&NO, €vq}Ccv, \<:ks.^d. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtons Builders and Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 csdculations. 
4to, cloth, 5^. 

Laxtons Builders and Contractors Tables, Ex- 
cavator, Earth, I^and, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5^. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts ^ 8vo, cloth, i/. ioj. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R,A.S., 
etc. Cloth, oblong, 2s. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, dd. 

A Treatise on a Practical Method of Designifig Slide- 

Valve Gears by Simple Geometrical Constructioii, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, (>s. 

Cleaning and Scouring : a, Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised by his Son, E. F. Bailey-Denton. C.E., B.A. 
With 140 illuntrations, 8vo, cloth, S?. 6c{. 
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A Glossary of Terms used in Coal Alining. By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated with 
numerous woodcuts and diagramsy crown 8vo, cloth, 5 j. 

A Pocket- Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
(jovernment Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and other Forms of 
Girders, the Curved Roof, and Simple and Compound Tnisses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations ^ drawn and worked out to scale 
Svo, cloth, \2s, 6d. 

A Practical Treatise on the Steam Engine^ con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. Bv 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
ilie Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates^ in one Volume, half- bound morocco 2/. zs. • 
or cheaper edition, cloth, 25J. 

riiis work is not, in any sense, an elementary treatise, or history of the steam engine but 
is intended to describe exainples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable Semi- 
portable, Coriiss.- Allen, Compound, and other similar Engines, by the most eminent IF'innsin 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, ConnectiiK- 
rods. Cross-heads, Motion- blocks. Eccentrics, Simple, Expansion, Balanced, and Equilibriim 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found ' 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
corrcct.5 

Barlow s Tables of Squares, Cubes, Square Roots, 

Cube Roots ^ Reciprocals of all Integer Numbers up to 10,000. Post Svo 

cloth, 6j. 

Camus {M) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to ihem for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
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A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities^ etc,^ with a 
general description of the seversd Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Third edition, 41 plates 
with illustrations and tables s royal 8vo, cloth, \2s, 6d, 

Principal Contents ; 

Part I. Introduction and the Principles of Geometry. Part 2. Land Surveying; com- 

? rising General Observations — ^The Chain — Offsets Surveying by the Chain only — Surveying 
lilly Gi^ound — To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying — Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling^The Level Book— Parliamentary Plan and Section^* 
Levelling with a Theodolite — Gradients — ^Wooden Curves — To Lay out a Railway Curve- 
Setting out Widths. Part 4.^ Calculating Quantities generally for Estimates — Cuttings and 
Embankments — ^Tunnels— Brickwork — Ironwork — ^Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting — The Improved Dumpy Level— Troughton's 
Level — The Prismatic Compass — Prop9rtional Compass— Box Sextant— Vernier— Panta- 
graph — Merrett's Improved Quadrant — Improved Computation Scale — ^The Diagonal Scale— 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Smes, Tangents and Co-Tangents — Natural Sines and Co-Sines — ^Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc, etc., etc. 

Saws: the History y Developmenty Action^ Classijica- 

tion, and Comparison of Saws of all kinds. By ROBERT Grimshaw, 
PVith 220 illustrations^ 410, cloth, 12^. 6d, 

A Supplement to the above ; containing additional 

practical matter, mor.e especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 i I lustrations ^ cloth, qj. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations ^ 
second edition, crown 8vo, cloth, 4;. 6d, 

Laying and Repairing Electric Telegraph Cables, By 

Capt. V. HosKUER, Royal Danish Engineers. Crown Svo, cloth, 
3J. dd, 

A Pocket- Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N, P. 
Burgh. Seventh edition, royal 32mo, roan, 4^. dd. 

The Assayers Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by \V. T. Brannt. With 65 
illustrations^ Svo, cloth, I2J. dd. 

The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval College; 
Svo, cloth, I2X. 6d, 
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Electricity: its Theory, Sources, and Applications. 

By J. T. Sprague, M.S.T.E. Second editiun, revised and enlarged, with 
numerous illustrations^ crown 8vo, cloth, 15X, 

The Practice of Hand Turning in Woody Ivory, Shell, 

etc, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Third edition, with wood engravings, crown 8vo, clo&, 6x. 

Contents : 

On Lathes — Turning Tools — Turning Wood — Drilling — Screw Cutting — Miscellaneous 
Apparatus and Processes — ^Turning Particular Forms — Staining — ^Polishing— Spinning Mctab 
— Materials— Ornamental Turning, etc 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Pffwer, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, wtth plates, demy 8vo, cloth, 7j. dd. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S,A. With 32 illustrations, crown 
8vo, cloth, 6^. dd. 

Contents : 

Definitions of Words and Terms used in Watchwork — ^TooIs-^Tfano—Htstcmcal Sran- 
mar^ — On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trams, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
lip — The Verge— The Horizontal — The Duplex — The Lever— The Chronometer — Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — ^Jewelling m 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst. M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 21". dd. 

Algebra Self-Tatighi. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,* etc. Second edition, crown 8vo, cloth, 2s, 6d. 

Contents : 

Symbols and the Signs of Operation — The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — ^Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem— Division, 
■Fractions, and Ratio— Continued Proportion — The Series and the Summation of the Series- 
Limit of Series — Square and Cube Roots — Equations — List of Formuke, etc. 

Spons Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo, 
in 8 divisions, 5/. %s. Complete in 3 vols., cloth, 5/. 5j. Bound in a 
superior mannei, YisAi-moiocco, top edge gilt, 3 vols., 6/. I2J, 



In super-royal 8vo, 1168 pp^ with 2400 illusiraiiens, in 3 Divisions, cloth, price 13X. 6rf. 

each ; or 1 vol., doth, 2/. ; or half-morocco, 2/. 8*. 
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Abacus, Counters, Speed ' Coal Mining, 

Indicators, and Slide ' Coal Cutting Machines. 



Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 
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Integral. 
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limes, and Mortar. 
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Coke Ovens. Copper. 
Docks. Drainage. 
Dredging Machinery. 
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Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis 
sion. 

Pumps. 
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Sanitary Engineering. 
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Steam Navvy. 

Stone Machinery, 
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INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

. PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following: : — 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt. Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 5 1 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay, 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 1 7 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and £ngraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 15s pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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WORKSHOP RECEIPTS, 

FIRST SERIES. 

By ERNEST SPON. 



Synopsis of Contents. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
biUons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glyceiine. 

OUs. 



Paper. 

Paper Hanging. 

Pamting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning, 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o*-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterprofing. 

Weldinor. 

O 



Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste,' 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 



London : E. & F. N. SFON, 126, Strand. 

New York : 35, Murray Street. 



Crown 8vo, cloth, 485 pages, with iflustrations, 5^. 

WOBKSHOP BECEIPTS, 

SECOND SERIES. 

By ROBERT HALDANE. 



Acidimetry and Alkali- 
metry. 
Albumen. 
Alcohol , 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



Synopsis of Contents. 

Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine, 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 
Iodoform. 



Isinglass. 

Ivory substitutes. 

Leadier. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting : embracing the preparation 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivory 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, cceruleum, Egyptiaz 
nianganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistn 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswid 
clirome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussia] 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood laki 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colo 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alui 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, Frend 
German, Kremnitz, and Pattinson processes, precautions in making, az 
composition of commercial samples — whiting, Wilkinson's white, zinc white 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Pai 
(vehicles, testing oils, driers, grinding, storing, applying, priming, dryifl; 
filling, coats, brushes, surface, water-colours, removing smell, discoloratioi 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold pair 
iron paint, lime paints, silicated paints, steatite paint, transparent painl 
tungsten paints, window paint, zinc paints) ; Painting (general instructioii 
proportions of ingredients, measuring paint work ; carriage painting — primii 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oil 
driers, and colours, varnishing, importance of washing vehicles, re-vamishin 
how to dry paint ; woodwork painting). 



London : E. & P. N. SPON, 125, Strand. 
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Crown 8vo, cloth, 480 pages, with 183 illustrations, 5j, 

WOEKSHOP EECEIPTS, 

THIRD SERIES. 

By C. G. WARNFORD LOCK. 

XTnifomi with the First and Second Series. 

Synopsis of Coktents. 



Alloys. 


Indium. 


Rubidium. 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


Silver. 


Beryllium. 


Lanthanum. 


Slag. 


Bismuth. 


Lead. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Caesium. 


Lubricants. 


Tantalum. 


Calcium. 


Magnesium. 


Terbium. 


Cerium. 


Manganese. 


Thallium. " 


Chromium, 


Mercury. 


Thorium. 


Cobalt. 


Mica. 


Tin. 


Copper. 


Molybdenum. 


Titanium. 


Didymium. 


Nickel. 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium. 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium. 


Gold. 


Rhodium. 


Aluminium 



London: E. & P. N. SPON, 125, Strand. 

New York : 35, Murray Street. 



In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6s. 

SPONS' 

MECHANIC'S OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 



Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, Sec- 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging— Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation— Hints on House Construction suited to new 
countries. 

London : E. & P. N. SPON, 125, Strand. 
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